APPLICATION AP-36 
NOTE 



March 1978 




o Intel Corporation, 1978 9800667A 



Related Intel Publications 



"MCS-85™ User's Manual 



■SDK-85 User's Manual'! 



Related IBM Publications 



"IBM Synchronous Data Link Control General Information, GA27-3093-1" 
"IBM 3650 Retail Store System Loop Interface OEM Information, GA27-3098-0" 



The material in this Application Note is for informational purposes only and is subject 
to change without notice. Intel Corporation has made an effort to verify that the 
material in this document is correct. However, Intel Corporation does not assume any 
responsibility for errors that may appear in this document. 

The following are trademarks of Intel Corporation and may be used only to describe 
Intel products: 



ICE 

INSITE 

INTEL 

INTELLEC 

LIBRARY MANAGER 



MCS 

MEGACH ASSIS 
MICROAMP 
PROMPT 
UPI 



Using the 8273 SDLC/HDLC Contents 

INTRODUCTION 1 

Protocol Controller 

SDLC/HDLC OVERVIEW 1 

BASIC 8273 OPERATION 4 

HARDWARE ASPECTS OF THE 8273 4 

CPU Interface 5 

Modem Interface 8 

SOFTWARE ASPECTS OF THE 8273 10 

Command Phase Software .11 

Execution Phase Software 12 

Result Phase Software 12 

8273 COMMAND DESCRIPTION 13 

Initialization/Configuration Commands 13 

Operating Mode Register 14 

Serial I/O Mode Register 14 

Data Transfer Mode Register 14 

One Bit Delay Register 15 

Receive Commands 15 

General Receive 15 

Selective Receive 15 

Selective Loop Receive 15 

Receive Disable 15 

Transmit Commands 17 

Transmit Frame 17 

Loop Transmit 17 

Transmit Transparent 17 

Abort Commands 17 

Reset Commands 18 

ModemControl Commands 18 

HDLC CONSIDERATIONS 18 

LOOP CONFIGURATION 19 

APPLICATION EXAMPLE 23 

CONCLUSION 28 

APPENDIX A 229 



Intel Corporation assumes no responsibility for the ~ i erf any circuitry or software other than circuitry or scfrware embodied in an In tef product. No other circuit parent licenses are impiie i. 



INTRODUCTION 

The Intel 8273 is a Data Communications Protocol Con- 
troller designed for use in systems utilizing either SDLC 
or HDLC (Synchronous or High-Level Data Link Control) 
protocols. In addition to the usual features such as full 
duplex operation, automatic Frame Check Sequence 
generation and checking, automatic zero bit insertion 
and deletion, and TTL compatibility found on other 
single component SDLC controllers; the 8273 features a 
frame level command structure, a digital phase locked 
loop, SDLC loop operation, and diagnostics. 

The frame level command structure is made possible by 
the 8273's unique internal dual processor architecture. 
A high-speed bit processor handles the serial data 
manipulations and character recognition. A byte pro- 
cessor implements the frame level commands. These 
dual processors allow the 8273 to control the necessary 
byte-by-byte operation of the data channel with a 
minimum of CPU (Central Processing Unit) intervention. 
For the user this means the CPU has time to take on 
additional tasks. The digital phase locked loop (DPLL) 
provides a means of clock recovery from the received 
data stream on-chip. This feature, along with the frame 
level commands, makes SDLC loop operation extremely 
simple and flexible. Diagnostics in the form of both data 
and clock loopback are available to simplify board 
debug and link testing. The 8273 is a dedicated function 
peripheral in the MCS-80185 Microcomputer family and 
as such, it interfaces to the 808018085 system with a 
minimum of external hardware. 

This application note explains the 8273 as a component 
and shows its use in a generalized loop configuration 
and a typical 8085 system. The 8085 system was used to 
verify the SDLC operation of the 8273 on an actual IBM 
SDLC data communications link. 

The first section of this application note presents an 
overview of the SDLCIHDLC protocols. It is fairly tutorial 
in nature and may be skipped by the more knowledge- 
able reader. The second section describes the 8273 from 
a functional standpoint with explanation of the block 
diagram. The software aspects of the 8273, including 
command examples, are discussed in the third section. 
The fourth and fifth sections discuss a loop SDLC con- 
figuration and the 8085 system respectively. 



SDLC/HDLC OVERVIEW 

SDLC is a protocol for managing the flow of information 
on a data communications link. In other words, SDLC 
can be thought of as an envelope — addressed, 
stamped, and containing an s.a.s.e. — in which informa- 
tion is transferred from location to location on a data 
communications link. (Please note that while SDLC is 
discussed specifically, all comments also apply to 
HDLC except where noted.) The link may be either point- 
to-point or multi-point, with the point-to-point configura- 
tion being either switched or nonswitched. The informa- 
tion flow may use either full or half duplex exchanges. 
With this many configurations supported, it is difficult 
to find a synchronous data communications application 
where SDLC would not be appropriate. 



Aside from supporting a large number of configurations, 
SDLC offers the potential of a2x increase in through- 
put over the presently most prevalent protocol: Bi-Sync. 
This performance increase is primarilyduetotwocharac- 
teristics of SDLC: full duplex operation and the implied 
acknowledgement of transferred information. The per- 
formance increase due to full duplex operation is fairly 
obvious since, in SDLC, both stations can communicate 
simultaneously. Bi-Sync supports only half-duplex (two- 
way alternate) communication. The increase from im- 
plied acknowledgement arises from the fact that a sta- 
tion using SDLC may acknowledge previously received 
information while transmitting different information. Up 
to 7 messages may be outstanding before an acknowl- 
edgement is required. These messages may be acknowl- 
edged as a block rather than singly. In Bi-Sync, acknowl- 
edgements are unique messages that may not be 
included with messages containing information and 
each information message requires a separate acknowl- 
edgement. Thus the line efficiency of SDLC is superior 
to Bi-Sync. On a higher level, the potential of a 2x 
increase in performance means lower cost per unit of 
information transferred. Notice that the increase is not 
due to higher data link speeds (SDLC is actually speed 
independent), but simply through better line utilization. 

Getting down to the more salient characteristics of 
SDLC; the basic unit of information on an SDLC link is 
that of the frame. The frame format is shown in Figure 1. 
Five fields comprise each frame: flag, address, control, 
information, and frame check sequence. The flag fields 
(F) form the boundary of the frame and all other fields » 
are positionally related to one of the two flags. All 
frames start with an opening flag and end with a closing 
flag. Flags are used for frame synchronization. They 
also may serve as time-fill characters between frames. 
(There are no intraframe time-fill characters in SDLC as 
there are in Bi-Sync.) The opening flag serves as a refer- 
ence point for the address (A) and control (C) fields. The 
frame check sequence (FCS) is referenced from the 
closing flag. All flags have the binary configuration 
01111110 (7EH). 

SDLC is a bit-oriented protocol, that is, the receiving 
station must be able to recognize a flag (or any other 
special character) at any time, not just on an 8-bit 
boundary. This, of course, implies that a frame may be 
N-bits in length. (The vast majority of applications tend 
to use frames which are multiples of 8 bits long, 
however.) 
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Figure 1. SDLC Frame Format 



The fact that the flag has a unique binary pattern would 
seem to limit the contents of the frame since a flag pat- 
tern might inadvertently occur within the frame. This 
woulc cause the receiver to think the closing flag was 
received, invalidating the frame. SDLC handles this 
situation through a technique called zero bit insertion. 
This techniques specifies that within, a frame a binary 
be inserted by the transmitter after any succession of 
five contiguous binary 1s. Thus, no pattern of 01111110 
is ever transmitted by chance. On the receiving end. 
after the opening flag is detected, the receiver removes 
any following 5 consecutive 1s. The inserted and 
deleted 0s are not counted for error determination. 

Before discussing the address field, an explanation of 
the roles of an SDLC station is in order. SDLC specifies 
two types of stations: primary and secondary. The 
primary is the control station for the data link and thus 
has responsibility of the overall network. There is only 
one predetermined primary station, all other stations on 
the hnk assume the secondary station role. In general, a 
secondary station speaks only when spoken to. In other 
words, the primary polls the secondaries for responses. 
In order to specify a specific secondary, each secondary 
is assigned a unique 8-bit address. It is this address that 
is used in the frame's address field. 

When the primary transmits a frame to a specific sec- 
ondary, the address field contains the secondary's ad- 
dress. When responding, the secondary uses its own 
address in the address field. The primary is never iden- 
tified. This ensures that the primary knows which of 
many secondaries is responding since the primary may 
have many messages outstanding at various secondary 
stations. In addition to the specific secondary address, 
an address common to all secondaries may be used for 
various purposes. (An all I s address field is usually used 
for this "All Parties" address.) Even though the primary 
may use this common address, the secondaries are ex- 
pected to respond with their unique address. The 
address field is always the first 8 bits following the 
opening flag. 

The 8 bits following the address field form the control 
field. The control field embodies the link-level control of 
SDLC. A detailed explanation of the commands and 
responses contained in this field is beyond the scope of 
this application note. Suffice it to say that it is in the 
control field that the implied acknowledgement is car- 
ried out through the use of frame sequence numbers. 
None of the currently available SDLC single chip con- 
trollers utilize the control field. They simply pass it to 
the processor for analysis. Readers wishing a more 
detailed explanation of the control field, or of SDLC in 
general, should consult the IBM documents referenced 
or; the front page overleaf. 

In some types of frames, an information field follows 
the control field. Frames used strictly for link manage- 
ment may or may not contain one. When an information 
field is used, it is unrestricted in both content and 
length. This code transparency is made possible 
because of the zero bit insertion mentioned earlier and 
the bit-oriented nature of SDLC. Even main memory core 
dumps may be transmitted because of this capability. 
This feature is unique to bit-oriented protocols. Like the 



control field, the information field is not interpreted by 
the SDLC device; it is merely transferred to and from 
memory to be operated on and interpreted by the 
processor. 

The final field is the frame check sequence (FCS).The 
FCS is the 16 bits immediately preceding the closing 
flag. This 16-bit field is used for error detection through 
a Cyclic Redundancy Checkword (CRC). The 16-bit 
transmitted CRC is the complement of the remainder 
obtained when the A, C, and I fields are "divided" by a 
generating polynomial. The receiver accumulates the A, 
C, and I fields and also the FCS into its internal CRC 
register. At the closing flag, this register contains one 
particular number for an error-free reception. If this 
number is not obtained, the frame was received in error 
and should be discarded. Discarding the frame causes 
the station to not update its frame sequence numbering. 
This results in a retransmission after the station sends 
an acknowledgement from previous frames. [Unlike all 
other fields, the FCS is transmitted MSB (Most Signifi- 
cant Bit) first. The A, C, and I fields are transmitted LSB 
(Least Significant Bit) first.] The details of how the FCS 
is generated and checked is beyond the scope of this 
application note and since all single component SDLC 
controllers handle this function automatically, it is 
usually sufficient to know only that an error has or has 
not occurred. The IBM documents contain more detailed 
information for those readers desiring it 

The closing flag terminates the frame. When the closing 
flag is received, the receiver knows that the preceding 
16 bits constitute the FCS and that any bits between the 
control field and the FCS constitute the information 
field. 

SDLC does not support an interframe time-fill character 
such as the SYN character in Bi-Sync. If an unusual con- 
dition occurs while transmitting, such as data is not 
available in time from memory or CTS (Clear-to-Send) is 
lost from the modem, the transmitter aborts the frame 
by sending an Abort character to notify the receiver to 
invalidate the frame. The Abort character consists of 
eight contiguous 1s sent without zero bit insertion. In- 
traframe time-fill consists of either flags, Abort charac- 
ters, or any combination of the two. 

While the Abort character protects the receiver from 
transmitted errors, errors introduced by the transmis- 
sion medium are discovered at the receiver through the 
FCS check and a check for invalid frames. Invalid 
frames are those which are not bounded by flags or are 
too short, that is, less than 32 bits between flags. All in- 
valid frames are ignored by the receiver. 

Although SDLC is a synchronous protocol, it provides 
an optional feature that allows its use on basically asyn- 
chronous data links — NRZI (Non-Return-to-Zero- 
Inverted) coding. NRZI coding specifies that the signal 
condition does not change for transmitting a binary 1, 
while a binary causes a change of state. Figure 2 illus- 
trates NRZI coding compared to the normal NRZ. NRZI 
coding guarantees that an active line will have a transi- 
tion at least every 5-bit times; long strings of zeroes 
cause a transition every bit time, while long strings of 1 s 
are broken up by zero bit insertion. Since asynchronous 



operation requires that the receiver sampling clock be 
derived from the received data, NRZI encoding plus zero 
bit insertion make the design of clock recovery circuitry 
easier. 

All of the previous discussion has applied to SDLC on 
either point-to-point or multi-point data networks, SDLC 
(but not HDLC) also includes specification for a loop 
configuration. Figure 3 compares these three configura- 
tions. IBM uses this loop configuration in its 3650 Retail 
Store System. It consists of a single loop controller sta- 
tion with one or more down-loop secondary stations. 
Communications on a loop rely on the secondary sta- 
tions repeating a received message down loop with a 
delay of one bit time. The reason for the one bit delay 
will be evident shortly. 
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Figure 2. NRZI vs NRZ Encoding 



Loop operation defines a new special character: the 
EOP (End-of-Poll) character which consists of a fol- 
lowed by 7 contiguous, non-zero bit inserted, ones. After 
the loop controller transmits a message, it idles the line 
(sends all 1s). The final zero of the closing flag plus the 
first 7 1s of the idle form an EOP character. While 
repeating, the secondaries monitor their incoming line 
for an EOP character. When an EOP is detected, the 
secondary checks to see if it has a message to transmit. 
If it does, it changes the seventh 1 to a (the one bit 
delay allows time for this) and repeats the modified EOP 
(now alias flag). After this flag is transmitted, the sec- 
ondary terminates its repeater function and inserts its 
message (with multiple preceding flags if necessary). 
After the closing flag, the secondary resumes its one bit 
delay repeater function. Notice that the final zero cf the 
secondary's closing flag plus the repeated 1s from the 
controller form an EOP for the next down-loop sec- 
ondary, allowing it to insert a message if it desires. 



One might wonder if the secondary missed any mes- 
sages from the controller while it was inserting its own 
message. It does not. Loop operation is basically half- 
duplex. The controller waits until it receives an EOP 
before it transmits its next message. The controller's 
reception of the EOP signifies that the original message 
has propagated around the loop followed by any mes- 
sages inserted by the secondaries. Notice that second- 
aries cannot communicate with one another directly, all 
secondary-to-secondary communication takes place by 
way of the controller. 
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Figure 3. Network Configurations 
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Loop protocol does not utilize the normal Abort charac- 
ter. Instead, an abort is accomplished by simply trans- 
mitting a flag character. Down loop, the receiver sees 
the abort as a frame which is either too short (if the 
abort occurred early in the frame) or one with an FCS 
error. Either results in a discarded frame. For more 
details on loop operation, please refer to the IBM 
documents referenced earlier. 

Another protocol very similar to SDLC which the 8273 
supports is HDLC (High-Level Data Link Control). There 
are only three basic differences between the two: HDLC 
offers extended address and control fields, and the 
HLDC Abort character is 7 contiguous 1s as opposed to 
SDLC's 8 contiguous 1s. 

Extended addressing, beyond the 256 unique addresses 
possible with SDLC, is provided by using the address 
field's least significant bit as the extended address 
modi-ier. The receiver examines this bit to determine if 
the octet should be interpreted as the final address 
octet. As long as the bit is 0, the octet that contains it is 
considered an extended address. The first time the bit is 
a 1 , the receiver interprets that octet as the final address 
octet. Thus the address field may be extended to any 
number of octets. Extended addressing is illustrated in 
Figure 4a. 

A similar technique is used to extend the control field 
although the extension is limited to only one extra con- 
trol octet. Figure 4b illustrates control field extension. 

Those readers not yet asleep may have noticed the simi- 
larity between the SDLC loop EOP character (aO follow- 
ed by 7 1s) and the HDLC Abort (71s). This possible in- 
compatibility is neatly handled by the HDLC protocol 
not specifying a loop configuration. 

This completes our brief discussion of the SDLC/HDLC 
protocols. Now let us turn to the 8273 in particular and 
discuss its hardware aspects through an explanation of 
the block diagram and generalized system schematics. 
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BASIC 8273 OPERATION 

It will be helpful for the following discussions to have 
some idea of the basic operation of the 8273. Each 
operation, whether it is a frame transmission, reception 
or port read, etc., is comprised of three phases: the 
Command, Execution, and Result phases. Figure 5 
shows the sequence of these phases. As an illustration 
of this sequence, let us look at the transmit operation. 
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Figure 5. 8273 Operational Phases 



When the CPU decides it is time to transmit a frame, the 
Command phase is entered by the CPU issuing a Trans- 
mit Frame command to the 8273. It is not sufficient to 
just instruct the 8273 to transmit. The frame level com- 
mand structure sometimes requires more information 
such as frame length and address and control field con- 
tent. Once this additional information is supplied, the 
Command phase is complete and the Execution phase 
is entered. It is during the Execution phase that the 
actual operation, in this case a frame transmission, 
takes place. The 8273 transmits the opening flag, A and 
C fields, the specified number of I field bytes, inserts 
the FCS, and closes with the closing flag. Once the clos- 
ing flag is transmitted, the 8273 leaves the Execution 
phase and begins the Result phase. During the Result 
phase the 8273 notifies the CPU of the outcome of the 
command by supplying interrupt results. In this case, 
the results would be either that the frame is complete or 
that some error condition causes the transmission to be 
aborted. Once the CPU reads all of the results (there is 
only one for the Transmit Frame command), the Result 
phase and consequently the operation, is complete. 
Now that we have a general feeling for the operation of 
the 8273. let us discuss the 8273 in detail. 
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HARDWARE ASPECTS OF THE 8273 

The 8273 block diagram is shown in Figure 6. It consists 
of two major interfaces: the CPU module interface and 
the modem interface. Let's discuss each interface 
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Figure 6. 8273 Block Diagram 



CPU Interface 

The CPU interface consists of four major blocks: Con- 
trol/Read/Write logic (CIRIW), internal registers, data 
transfer logic, and data bus buffers. 

The CPU module utilizes the C/R/W logic to issue com- 
mands to the 8273. Once the 8273 receives a command 
and executes it, it returns the results (goodlbad comple- 
tion) of the command by way of the CIRIW logic. The 
CIRIW logic is supported by seven registers which are 
addressed via the A , R},and WR signals, in addi- 
tion to CS. The A and signals are generally derived 
from the t wo low order bits of the CPU module address 
bus while RD and WR are the normal I/O Read and Write 
signals found on the system control bus. Figure 7 
shows the address of each register using the C/R/W 
logic. The function of each register is defined as 
follows: 
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Figure 7. 8273 Regisler Selection 



Command — 8273 operations are initiated by writing 
the appropriate command byte into this register. 

Parameter — Many commands require more informa- 
tion than found in the command itself. This addi- 
tional information is provided by way of the param- 
eter register. 

Immediate Result (Result) — The completion infor- 
mation (results) for commands which execute im- 
mediately are provided in this register. 

Transmit Interrupt Result (Txl/R) — Results of 
transmit operations are passed to the CPU in this 
register. 

Receiver Interrupt Result (RxllR) — Receive opera- 
tion results are passed to the CPU via this register. 

Status — The general status of the 8273 is provided 
in this register. The Status register supplies the 
handshaking necessary during various phases of the 
8273 operation. 

Test Mode — This register provides a software reset 
function for the 8273. 



The commands, parameters, and bit definition of these 
registers are discussed in the following software sec- 
tion. Notice that there are not specific transmit or 
receive data registers. This feature is explained in the 
data transfer logic discussion. 



The final elements of the C/RA/V logic are the interrupt 
lines (RxINT and TxINT). These lines notify the CPU 
module that either the transmitter or the receiver re- 
quires service; i.e., results should be read from the 
appropriate interrupt result register or a data transfer is 
required. The interrupt request remains active until all 
the associated interrupt results have been read or the 
data Iransfer is performed. Though using the interrupt 
lines relieves the CPU module of the task of polling the 
8273 to check if service is needed, the state of each 
interrupt line is reflected by a bit in the Status register 
and con-interrupt driven operation is possible by exam- 
ing the contents of these bits periodically. 

The 8273 supports two independent data interfaces 
through the data transfer logic; receive data and trans- 
mit cata. These interfaces are programmable for either 
DMA or non-DMA data transfers. While the choice of the 
configuration is up to the system designer, it is based 
on the intended maximum data rate of the communica- 
tions channel. Figure 8 illustrates the transfer rate of 
data bytes that are acquired by the 8273 based on link 
data rate. Full-duplex data rates above 9600 baud usu- 
ally require DMA. Slower speeds may or may not require 
DMA depending on the task load and interrupt response 
time of the processor. 

Figure 9 shows the 8273 in a typical DMA environment. 
Notice that a separate DMA controller, in this case the 
Intel 8257, is required. The DMA controller supplies the 
timing and addresses for the data transfers while the 
8273 manages the requesting of transfers and the actual 
counting of the data block lengths. In this case, 
elements of the data transfer interface are: 

TxDRQ: Transmit DMA Request — Asserted by the 
8273, this line requests a DMA transfer from memory 
to the 8273 for transmit. 

TxDACK: Transmit DMA Acknowledge — Returned 
by the 8257 in response to TxDRQ, this line notifies 
the 8273 that a request has been granted, and pro- 
vides access to the transmitter data register. 

RxDRQ: Receiver DMA Request — Asserted by the 
8273, it requests a DMA transfer from the 8273 to 
memory for a receive operation. 

TxDACK: Receiver DMA Acknowledge ■— Returned by 
the 8257, it notifies the 8273 that a receive DMA cycle 
has been granted, and provides access to the 
receiver data register. 

RD: Read — Supplied by the 8257 to indicate data is 
to be read from the 8273 and placed in memory. 

WR: Write — Supplied by the 8257 to indicate data is 
to be written to the 8273 from memory. 

To request a DMA transfer the 8273 raises the appropri- 
ate DMA request line; let us assume it is a transmitter 
request (TxDRQ). Once the 8257 obtains control of the 
system bus by way of its HOLD and HLDA (hold 
acknowledge) lines, it notifies the 8273 that T xDR Q has 
been granted by returning TxDACK and WR. The 
TxDACK and WR signals transfer data to the 8273_for a 
transmit, independent of the 8273 chip select pin (CS).A 
similar sequence of events occurs for receiver requests. 
This "hard select" of data into the transmitter or out of 



the receiver alleviates the need for the normal transmit 
and receive data registers addressed by a combination 
of address lines, CS, and WR or RD. Competitive 
devices that do not have this "hard select" feature re- 
quire the use of an external multiplexer to supply the 
correct inputs for register selection during DMA. (Donot 
forget that the SDLC controller sees both the addresses 
and control signals supplied by the DMA controller dur- 
ing DMA cycles.) Let us look at typical frame transmit 
and frame receive sequences to better see how the 8273 
truly manages the DMA data transfer. 

Before a frame can be transmitted, the DMA controller is 
supplied, by the CPU, the starting address for the 
desired information field. The 8273 is then commanded 
to transmit a frame. (Just how this is done is covered 
later during our software discussion.) After the com- 
mand, but before transmission begins, the 8273 needs a 
little more information (parameters). Four parameters 
are required for the transmit frame command: the ad- 
dress field byte, the control field byte, and two bytes 
which are the least significant and most significant 
bytes of the information field byte length. Once all four 
parameters are loaded, the 8273 makes RTS (Request-to- 
Send) active and waits for CTS (Clear-to-Send) to go ac- 
tive. Once CTS is active, the 8273 starts the frame trans- 
mission. While the 8273 is transmitting the opening flag, 
address field, and control field; it starts making trans- 
mitter DMA requests. These requests continue at char- 
acter (byte) boundaries until the pre-loaded number of 
bytes of information field have been transmitted. At this 
point the requests stop, the FCS and closing flag are 
transmitted, and the TxINT line is raised, signaling the 
CPU that the frame transmission is complete. Notice 
that after the initial command and parameter loading, 
absolutely no CPU intervention was required (since 
DMA is used for data transfers) until the entire frame 
was transmitted. Now let's look at a frame reception. 
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Figure 8. Byte Transfer Rate vs Baud Rate 




Figure 9. DMA, Interrupt-Driven System 



The receiver operation is very similar. Like the initial 
transmit sequence, the DMA controller is loaded with a 
starting address for a receiver data buffer and the 8273 
is commanded to receive. Unlike the transmitter, there 
are two different receive commands: General Receive, 
where all received frames are transferred to memory, 
and Selective Receive, where only frames having an ad- 
dress field matching one of two preprogrammed 8273 
address fields are transferred to memory. Let's assume 
for now that we want to general receive. After the 
receive command, two parameters are required before 
the receiver becomes active: the least significant and 
most significant bytes of the receiver buffer length. 
Once these bytes are loaded, the receiver is active and 
the CPU may return to other tasks. The next frame 
appearing at the receiver input is transferred to memory 
using receiver DMA requests. When the closing flag is 
received, the 8273 checks the FCS and raises its RxINT 
line. The CPU can then read the results which indicate if 
the frame was error-free or not. (If the received frame 
had been longer than the pre-loaded buffer length, the 
CPU would have been notified of that occurrence earlier 
with a receiver error interrupt. The command description 
section contains a complete list of error conditions.) 
Like the transmit example, after the initial command, 
the CPU is free for other tasks until a frame is com- 
pletely received. These examples have illustrated the 
8273's management of both the receiver and transmitter 
DMA channels. 

It is possible to use the DMA data transfer interface in a 
non-DMA interrupt-driven environment. In this case, 4 in- 
terrupt levels are used: one each for TxINT and RxINT, 
and one each for TxDRQ and RxDRQ. This configuration 
is shown in Figure 10. This configuration offers the 
advantages that no DMA controller is required and data 
requests are still separated from result (completion) re- 
quests. The disadvantages of the configuration are that 
4 interrupt levels are required and that the CPU must ac- 
tually supply the data transfers. This, of course, reduces 
the maximum data rate compared to the configuration 
based strictly on DMA. This system could use an Intel 
8259 8-level Priority Interrupt Controller to supply a vec- 
tored CALL (subroutine) address based on requests on 
its inputs. The 8273 transmitter and receiver make data 
requests by raising the respective DRQ line. The CPU is 
interrupted by the 8259 and vectored to a data transfer 
routine. This routine either writes (for transmit) or reads 
(for receive) the 8273 using the respective TxDACK or 
RxDACK line. As in the case above, the DACK lines 
serve as "ha rd" chip selects into and out of the 8273. 
(TxDACK + WR writes data into the 8273 for transmit. 
RxDACK + RD reads data from the 8273 for receive.) 
The CPU is notified of operation completion and results 
by way of TxINT and RxINT lines. Using the 8273, and 
the 8259, in this way, provides a very effective, yet sim- 
ple, interrupt-driven interface. 

Figure 11 illustrates a system very similar to that 
described above. This system utilizes the 8273 in a non- 
DMA data transfer mode as opposed to the two DMA ap- 
proaches shown in Figures 9 and 10. In the non-DMA 
case, data transfer requests are made on the TxINT and 
RxINT lines. The DRQ lines are not used. Data transfer 
requests are separated from result requests by a bit in 



the Status register. Thus, in response to an interrupt, 
the CPU reads the Status register and branches to either 
a result or a data transfer routine based on the status of 
one bit. As before, data transfers are made via using the 
DACK lines as chip selects to the transmitter and 
receiver data registers. 
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Figure 10. Interrupt-Based DMA System 
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Figure 11. Non-DMA Interrupt-Driven System 



Figure 12 illustrates the simplest system of all. This 
system utilizes polling for all data transfers and results. 
Since the interrupt pins are reflected in bits in the 
Status register, the software can read the Status 
register periodically looking for one of these to be set. If 
it finds an INT bit set, the appropriate Result Available 
bit is examined to determine if the "interrupt" is a data 
transfer or completion result. If a data transfer is called 
for, the DACK line is used to enter or read the data from 
the 8273. If the interrupt is a completion result, the ap- 
propriate result register is read to determine the good/ 
bad completion of the operation. 

The actual selection of either DMA or non-DMA modes 
is controlled by a command issued during initialization. 
This command is covered in detail during the software 
discussion. 



The final block of the CPU module interface is the Data 
Bus Buffer. This block supplies the tri-state, bidirec- 
tional data bus interface to allow communication to and 
from the 8273. 



Modem Interface 

As the name implies, the modem interface is the modem 
side of the 8273. It consists of two major blocks: the 
modem control block and the serial data timing block. 

The modem control block provides both dedicated and 
user-defined modem control functions. All signals sup- 
ported by this interface are active low so that EIA 
inverting drivers (MC1488) and inverting receivers 
(MC1489) may be used to interfaceto standard modems. 

Port A is a modem control input port. Its representation 
on the data bus is shown in Figure 13. Bits D and D-, 
havejdedicated functions. D r eflec ts the logical state of 
the CTS (Clear-to-Send) pin. [If CTS is active (low),D is a 
1.] This signal is used to condit ion the start of a trans- 
mission. The 8273 waits until CTS is active befo re it 
starts transmitting a frame. While transmitting, if CTS 
goes inactive, the frame is aborted and the CPU is inter- 
rupted. When the CPU reads the interrupt result, a CTS 
failure is indicated. 

D-) reflects the logical state of the CD (Carrier Detect) 
pin. CD is used to condition the start of a frame recep- 
tion. CD must be active in time for a frame's address 
field. If CD is lost (goes inactive) while receiving a frame, 
an interrupt is generated with a CD failure result. CD 
may go inactive between frames. 

Rits D 2 thru D 4 reflect the logical state of the PA 2 thru 
PA 4 pins respectively. These inputs are user defined. 
The 8273 does not interrogate or manipulate these bits. 
Bits D 5 , D 6 ,and D 7 are not used and each is read as a 1 
for a Read Port A command. 

Port B is a modem control output port. Its data bus 
representation is shown in Figure 14. As in Port A, the 
bit velues represent the logical condition of the pins. D 
and D 5 are dedicated function out puts. D represents 
the PTS (Request-to-Send) pin. RTS is normally used to 
notify the modem that the 8273 wishes to transm it. Th is 
function is handled automatically by the 8273. If RTS is 
inactive (pin is high) when the 8273 is commanded to 
tran smit, the 8273 makes it active and then waits for 
CTS before transmitting the frame. O ne b yte time after 
the end of the frame, the 8273 returns RTS to its inactive 
state. However, if RTS was active when a transmit com- 
mand is issued, the 8273 leaves it active when the frame 
is complete. 



Bit D 5 reflects the state of the Flag Detect pin. This pin 
is activated whenever an active receiver sees a flag 
character. This function is useful to activate a timer for 
line activity timeout purposes. 

Bits Dt t hru D 4 provide four user-defined outputs. Pins 
PB-| thru PB 4 reflect the logical state of these bits. The 
8273 does not interrogate or manipulate these bits. D 6 
and D 7 are not used. In addition to being able to output 
to Port B, Port B may be read using a Read Port B com- 
mand. All Modem control output pins are forced high on 



reset. (All commands mentioned 
covered in detail later.). 



in this section are 



The final block to be covered is the serial data timing 
block. This block contains two sections: the serial data 
logic and the digital phase locked loop (DPLL). 

Elements of the serial data logic section are the data 
pins, TxD (transmit data output) and RxD (rec eive data 
input), and the respective data clocks, TxC and RxC. The 
tran smit and receive data is synchronized by the TxC 
and RxC clocks. Figure 15 shows the timing for these 
signals. The leading edge (negative transition) of TxC 
generates new transmit da ta and the trailing edge 
(positive transition) of RxC is used to capture the 
receive data. 

It is possible to reconfigure this section under program 
control to perform diagnostic functions; both data and 
clock loopback are available. In data loopback mode, the 
TxD pin is internally routed to the RxD pin. This allows 
simple board checkout since the CPU can send an SDLC 
message to itself. (Note that transmitted data will still 
appear on the TxD pin.) 
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Figure 12. Polled System 
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Figure 13. Port A (Input) Bit Definition 
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Figure 14. Port B (Output) Bit Definition 



When data loopback is utilized, t he r eceiver may be 
presented incorrect sample timing (RxC) by the external 
circuitry. Clock loopback overcomes this problem by 
allowing the internal routing of TxC and RxC. Thus the 
same clock used to transmit the data is used to receive 
it. Examination of Figure 15 shows that this method en- 
sures bit synchronism. The final element of the serial 
data logic is the Digital Phase Locked Loop. 

The DPLL provides a means of clock recovery from the 
received data stream. This feature allows the 8273 to in- 
terface without external synchronizing logic to low cost 
asynchronous modems (modems which do not supply 
clocks). It also makes the problem of clock timing in 
loop configurations trivial. 

To use the DPLL, a clock at 32 times the required baud 
rate must be supplied to the 32xCLK pin. This clock 
provides the interval that the DPLL samples the received 
data. The DPLL uses the 32 x c lock and the received 
data to generate a pulse at the DPLL output pin. This 
DPLL pulse is positioned at the nomin al center of the 
received data bit ce ll. T hus the DPLL output may be 
wired to RxC and/or TxC to supply the data timing. The 
exact position of the pulse is varied depending on the 
line noise and bi t disto rtion of the received data. The ad- 
justment of the DPLL position is determined according 
to the rules outlined in Figure 16. 

Adjustments to the sample phase of DPLL with respect 
to the received data is made in discrete increments. 
Refer ring to Figure 16, following the occurrence of 
DPLL pulse A, the DPLL counts 32 x CLK pulses and ex- 
amines the received data for a dat a edg e. Should no 
edge be de tected in 32 pulses, the DPLL positions the 
next DPLL pulse (B) at 32 clock pulses from pulse A. 
Since no new phase information is contained in the data 
stream, the sample phase is assumed to be at nominal 
1 x baud rate. Now assume a data edge occurs after 



DPLL pulse B. The distance from B to the next pulse C is 
influenced according to which quadrant (A^ B 1( B 2 , or 
A 2 ) the data edge falls in. (Each quadrant represents 8 
32 x CLK times.) For example, if the edge is detected in 
quadrant A„ it is apparent that pulse B was too close to 
the data edge and the time to the next pulse must be 
shortened. The adjustment for quadrant is specified 
as -2. Thus, the next DPLL pulse, pulse C, is posi- 
tioned 32-2 or 30 32 x CLK pulses following DPLL 
pulse B. This adjustment moves pulse C closer to the 
nominal bit center of the next received data cell. A data 
edge occurring in quadrant B 2 would have ca used the 
adjustment to be small, namely 32+1 or 33 32 x CLK 
pulses. Using this technique, the DPLL pulse converges 
to the nominal bit center within 12 data transitions, 
worse case — 4-bit times adjusting through quadrant A-, 
or A 2 and 8-bit times adjusting through B 1 or B 2 . 





Figure 15. Transmit/Receive Timing 




Figure 16. DPLL Phase Adjustments 



When the receive data stream goes idle after 15 ones, 
DPLL pulses are generated at 32 pulse intervals of the 
32x CLK. This feature allows the DPLL pulses to be 
used as both transmitter and receiver clocks. 

In order to guarantee suf ficien t transitions of the re- 
ceived data to enable the DPLL to lock, NRZI encoding 
of the data is recommended. This ensures that, within a 
frame, data transitions occur at least every five bit times 
— the longest sequence of 1s which may be transmitted 
with zero bit insertion. It is also recommended that 
frames following a line idle be transmitted with pre- 
frame sync characters which provide a minimum of 12 
transi tions. This ensures that the DPLL is generating 
DPLL pulses at the nominal bit centers in time for the 
opening flag. (Two OOH characters meet this require- 
ment by supplying 16 transitions with NRZI encoding. 
The 8273 contains a mode which supplies such a pre- 
frame sync.) 

Figure 17 illustrates 8273 clock configurations using 
either synchronous or asynchronous modems. Notice 
how the DPLL output is used for both TxC and RxC in 
the asynchronous case. This feature eliminates the 
need for external clock generation logic where low cost) 
asynchronous modems are used and also allows direct 
connection of 8273s for the ultimate in low cost data 
links. The configuration for loop applications is dis- 
cussed in a following section. 

This completes our discussion of the hardware aspects 
of the 8273. Its software aspects are now discussed. 



SOFTWARE ASPECTS OF THE 8273 

The software aspects of the 8273 involve the communi- 
cation of both commands from the CPU to the 8273 and 
the return of results of those commands from the 8273 



to the CPU. Due to the internal processor architecture of 
the 8273, this CPU-8273 communication is basically a 
form of interprocessor communication. Such communi- 
cation usually requires a form of protocol of its own. 
This protocol is implemented through use of handshak- 
ing supplied in the 8273 Status register. The bit defini- 
tion of this register is shown in Figure 18. 

CBSY: Command Busy — CBSY indicates when the 
8273 is in the command phase. CBSY is set when the 
CPU writes a command into the Command register, 
starting the Command phase. It is reset when the last 
parameter is deposited in the Parameter register and 
accepted by the 8273, completing the Command 
phase. 

CBF: Command Buffer Full — When set, this bit in- 
dicates that a byte is present in the Command 
register. This bit is normally not used. 

CPBF: Command Parameter Buffer Full — This bit in- 
dicates that the Parameter register contains a 
parameter. It is set when the CPU deposits a 
parameter in the Parameter register. It is reset when 
the 8273 accepts the parameter. 

CRBF: Command Result Buffer Full - This bit is set 
when the 8273 places a result from an immediate 
type command in the Result register. It is reset when 
the CPU reads the result from the Result register. 

RxINT: Receiver Interrupt — The state of the RxINT 
pin is reflected by this bit. RxINT is set by the 8273 
whenever the receiver needs servicing. RxINT is reset 
when the CPU reads the results or performs the data 
transfer. 

TxINT: Transmitter Interrupt — This bit is identical to 
RxINT except action is initiated based on transmitter 
interrupt sources. 
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Figure 17. Serial Data Timing Configuration 



RxIRA: Receiver Interrupt Result Available — RxIRA 
is set when the 8273 places an interrupt result byte 
into the Rxl/R register. RxIRA is reset when the CPU 
reads the Rxl/R register. 

TxIRA: Transmitter Interrupt Result Available — 
TxIRA is the corresponding Result Available bit for 
the transmitter. It is set when the 8273 places an in- 
terrupt result byte in the Txl/R register and reset 
when the CPU reads the register. 

The significance of each of these bits will be evident 
shortly. Since the software requirements of each 
8273 phase are essentially independent, each phase 
is covered separately. 



phase. A detailed description of the commands and 
their parameters is presented in a following section. 



START 








STATUS 




- RxIRA 

- TxINT 
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- Rx INTERRUPT 
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COMMANDBUFFER FULL 
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Figure 18. Status Register Format 



Command Phase Software 

Recalling the Command phase description in an earlier 
section, the CPU starts the Command phase by writing a 
command byte into the 8273 Command register. If fur- 
ther information about the command is required by the 
8273, the CPU writes this information into the Parameter 
register. Figure 19 is a flowchart of the Command 
phase. Notice that the CBSY and CPBF bits of the 
Status register are used to handshake the command 
and parameter bytes. Also note that the chart shows 
that a command may not be issued if the Status register 
indicates the 8273 is busy (CBSY= 1). If a command is 
issued while CBSY=1, the original command is over- 
written and lost. (Remember that CBSY signifies the 
command phase is in progress and not the actual execu- 
tion of the command.) The flowchart also includes a 
Parameter buffer full check. The CPU must wait until 
CPBF = before writing a parameter to the Parameter 
register. If a parameter is issued while CPBF=1, the 
previous parameter is overwritten and lost. An example 
of command output assembly language software is pro- 
vided in Figure 20a. This software assumes that a com- 
mand buffer exists in memory. The buffer is pointed at 
by the HL register. Figure 20b shows the command buf- 
fer structure. 

The8273 is a full duplex device, i.e., both the transmitter 
and receiver may be executing commands or passing in- 
terrupt results at any given time. (Separate Rx andTx in- 
terrupt pins and result registers are provided for this 
reason.) However, there is only one Command register. 
Thus, the Command register must be used for only one 
command sequence at a time and the transmitter and 
receiver may never be simultaneously in a command 




Figure 19. Command Phase Flowchart 



FUNCTION: COMMAND DISPATCHER 
INPUTS: HL - COMMAND BUFFER ADDRESS 
OUTPUTS: NONE 
CALLS: NONE 

DESTROYS: A , B , H , L , F/F ' S 

DESCRIPTION: CMDOUT ISSUES THE COMMAND 
IN THE COMMAND BUFFER POINTED AT BY HL 



PARAMETERS 



CMDOUT: 



CMD1 : 



CMD3 : 



LXI 

MOV 

INX 

IN 

RLC 

JC 

MOV 

OUT 

MOV 

ANA 

RZ 

INX 

DCR 

IN 

ANI 
JNZ 
MOV 
OUT 
JMP 



H,CMDBUF;POINT HL AT BUFFER 



B,M 

H 

STAT73 
;ROTATE 
CMDi 

A,M 

COMM7 3 
A , B 

A 

: IF 
H 
B 

STAT73 

CPBF 

CMD3 

A,M 

PARM73 

CHD2 



1ST ENTRY I S PAR. COUNT 
POINT AT COMMAND BYTE 
READ 8 2 7 3 STATUS 
CBSY INTO CARRY 
WAIT UNTIL CBSY = 
MOVE COMMAND BYTE TO A 
PUT COMMAND IN COMMAND REG 
GET PARAMETER COUNT 
TEST I F ZERO 
THEN DONE 

;NOT DONE, SO POINT AT NEXT PAR 
;DEC PARAMETER COUNT 
;READ 6271 STATUS 



.•TEST CPBF BIT 

;WAIT UNTIL CPBF I S 

; GET PARAMETER FROM BUFFER 

;OUTPUT PAR TO PARAMETER RLG 

;CHECK I F MORE PARAMETERS 



Figure 20A. Command Phase Software 
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PARAMETER 1 



COMMAND 



PARAMETER COUNT 



- HL 



Figure 208. Command Buffer Format 



Execution Phase Software 

During the Execution phase, the operation specified by 
the Command phase is performed. If the system utilizes 
DMA *or data transfers, there is no CPU involvement 
during this phase, so no software is required. If non- 
DMA data transfers are used, either interrupts or polling 
is used to signal a data transfer request. 

For interrupt-driven transfers the 8273 raises the appro- 
priate INT pin. When responding to the interrupt, the 
CPU must determine whether it is a data transfer re- 
quest or an interrupt signaling that an operation is com- 
plete and results are available. The CPU determines the 
cause by reading the Status register and interrogating 
the associated IRA (Interrupt Result Available) bit (Tx- 
IRA for TxINT and RxIRA for RxINT). If the IRA = 0, the in- 
terrupt is a data transfer request. If the IRA= 1, an 
operation is complete and the associated Interrupt 
Result register must be read to determine the comple- 
tion status (goodlbadletc). A software interrupt handler 
implementing the above sequence is presented as part 
of the Result phase software. 

When polling is used to determine when data transfers 
are required, the polling routine reads the Status 
register looking for one of the INT bits to be set. When a 
set INT bit is found, the corresponding IRA bit is ex- 
amined. Like in the interrupt-driven case, if the IRA= 0, a 
data transfer is required. If IRA= 1 , an operation is com- 
plete and the Interrupt Result register needs to be read. 
Again, example polling software is presented in the next 
section. 

Result Phase Software 

During the Result phase the 8273 notifies the CPU of the 
outcome of a command. The Result phase is initiated by 
either a successful completion of an operation or an er- 
ror detected during execution. Some commands such 
as reading or writing the I/O ports provide immediate 
results, that is, there is essentially no delay from the 
issuing of the command and when the result is avail- 
able. Other commands such as frame transmit, take 
time to complete so their result is not available im- 
mediately. Separate result registers are provided to 
distinguish these two types of commands and to avoid 
interrupt handling for simple results. 

Immediate results are provided in the Result register. 
Validity of information in this register is indicated to the 
CPU by way of the CRBF bit in the Status register. When 
the CPU completes the Command phase of an im- 
mediate command, it polls the Status register waiting 
until CRBF = 1 . When this occurs, the CPU may read the 



Result register to obtain the immediate result. The 
Result register provides only the results from immedi- 
ate commands. 

Example software for handling immediate results is 
shown in Figure 21. The routine returns with the result 
in the accumulator. The CPU then uses the result as is 
appropriate. 

All non-immediate commands deal with either the trans- 
mitter or receiver. Results from these commands are 
provided in the Txl/R (Transmit 'Interrupt Result) and 
Rxl/R (Receive Interrupt Result) registers respectively. 
Results in these registers are conveyed to the CPU by 
the TxIRA and RxIRA bits of the Status register. Results 
of non-immediate commands consist of one byte result 
interrupt code indicating the condition for the interrupt 
and, if required, one or more bytes supplying additional 
information. The interrupt codes and the meaning of the 
additional results are covered following the detailed 
command description. 

Non-immediate results are passed to the CPU in 
response to either interrupts or polling of the Status 
register. Figure 22 illustrates an interrupt-driven result 
handler. (Please note that all of the software presented 
in this application note is not optimized for either speed 
or code efficiency. They are provided as a guide and to 
illustrate concepts.) This handler provides for interrupt- 
driven data transfers as was promised in the last sec- 
tion. Users employing DMA-based transfers do not need 
the lines where the IRA bit is tested for zero. (These 
lines are denoted by an asterisk in the comments col- 
umn.) Note that the INT bit is used to determine when all 
results have been read. All results must be read. Other- 
wise, the INT bit (and pin) will remain high and further in- 
terrupts may be missed. These routines place the 
results in a result buffer pointed at by RCRBUF and 
TxRBUF. 

A typical result handler for systems utilizing polling is 
shown in Figure 23. Data transfers are also handled by 
this routine.- his routine utilizes the routines of Figure 
22 to handle the results 

At this point, the reader should have a good conceptual 
feel about how the 8273 operates. It is now time for the 
particulars of each command to be discussed. 



JUNCTION: IMDRLT 
; IN PUTS : GONE 

;OUTfUTS: HLSULT REGISTER IN A 
;CALLS: GONE 
;DESTRUYS: A,F/F'S 

; DESCRIPTION : IMDRLT 15 CALLED AFTER A CMDOUT FOR AN 
; IMMEDIATE COMMAND TO REAC THE RESULT HLGISTER 

IMDRLT: IN STAT73 ; READ 8273 STATUS 

AN I CRBF ; TEST IF RESULT REG HLACY 

J2 IMDRLT ,-WAIT IF CRBF = 

IN RESL71. ; READ HLSULT REGISTER 

RET ; RETURN 



Figure 21. Immediate Result Handler 



■1 (RX COMPLETION), 
(BOTH) 



FUNCTION: RXI " INTERRUPT DRIVEN RESULT/DATA HANDLER 
INPUTS: RCRBUF, RCVPNT 
CALLS: NONE 

OUTPUTS: RCRBUF, RCVPNT 
DESTROYS: NOTHING 

DESCRIPTION: RXI IS ENTERED AT A RECEIVER INTERRUPT. 
THE INTERRUPT IS TESTED FOR DATA TRANSFER (IRA=0) 
OR RESULT (IRA- 1). FOR DATA TRANSFER, THE DATA IS 
PLACED IN A BUFFER AT RCVPNT. RESULTS ARE PLACED IN 
A BUFFER AT RCRBUF. 

A FLAG (RXFLAG) IS SET IF THE INTERRUPT WAS A RESULT. 

(DATA TRANSFER INSTRUCTIONS ARE DENOTED BY (*) AND 
MAYBE ELIMINATED BY USERS USING DMA. 



RXI: 



RXI1 : 



RXI 2; 



RXI 3: 



PUSH 

PUSH 

PUSH 

IN 

ANI 

JS 

LHLD 

IN 

ANI 

Jl 

IN 

AN I 

JZ 

Ih 

MOV 

I NX 

SHLD 

JMP 

SHLD 

IN 

MOV 

INX 

JMP 

MVI 

STA 

POP 

POP 

POP 

EI 

HE I 



H 

PSW 
B 

STAT77 

RXIRA 

RXI 2 

RCRBUF 

STAT77 

RXINT 

RXH 

STAT73 

RXIRA 

RXI1 

RXIRTi 

H,A 

H 

RCRBUF 

RXI1 

RCVPNT 

RCVCAT 

M,A 

H 

RXI3 
A,B1H 
RXFLAG 
B 

PSW 
H 

;ENABLE 
:DONE 



SAVE HL 
SAVE PSW 
SAVE B 

(*) READ 8 27 3 STATUS 

(*) TEST IRA BIT 

(*> IF i , DATA TRANSFER N b ED ED 
GET RESULT BUFFER POINTER 
READ 8 27 3 STATUS AGAIN 
TEST INT BIT 
IF 0, THLN DONE 
READ 8 27 3 STATUS AGAIN 
TEST IRA AGAIN 
LOOP UNTIL RESULT IS READY 
READY, READ RXI/R 
STORE RESULT IN BUFFER 
BUMP RESULT POInTeR 
RESTORE BUFFER POINTER 
GO BACK TO SEE I F MORE 

') GET DATA BUFFER POINTER 
') READ DATA VIA RXDACK 
') STORE DATA IN BUFFER 
*) BUMP DATA POINTER 
*) DONE 

SET RX FLAG TO SHOW COMPLETION 
COMPLETION 
RESTORE BC 
RESTORE PSb 
RESTORE HL 
INTERRUPTS 



FUNCTION: 1X1 - INTERRUPT DRIVEN RESULT/DATA HANDLER 
INPUTS: TXhBUF, TXPNT. TXFLAG 
OUTPUTS: TXhBUF, TXPNT, TXFLAG 
CALLS : NONE 
DESTROYS: NOTHING 

DESCRIPTION: TXI IS ENTERED Al A TRANSMITTER INTERRUPT. 
THE INTERRUPT IS TESTED BY WAY OF THE IRA BIT TO SEE 
If A DATA TRANSFER OR RESLLT COMPLETION HAS OCCURED. 
FOR DATA TRANSFERS (IRA=B), THE DATA IS OBTAINED FROM 
A BUFFER LOCATION POINTED AT BY TXPNT. FOR COMPLETION, 
(1RA=1), THE RESULTS ARE READ AND PLACED AT A RESULT 
BUFFER POINTED AT BY TXhBUF, AND ThE TXFLAG IS SET 
TO INDICATE TO THE MAIN PROGRAM THAT A OPERATION IS 
COMPLETE. TX OPERATIONS HAVE ONLY ONE RESULT. 
LATA TRANSFER INSTRUCTIONS ARE DENOTED BY (*) . THESE 
foAYBt REMOVED BY USERS USING DMA. 

TXI: 



PUSH 


ri 


SAVE HL 


PUSH 


Pbk 


SAVE PSW 


IN 


STAT73 


; (*) READ 8273 STATUS 


AM 


TXIRA 


(*) TEST TXIRA BIT 


JZ 


TXI 2 


(*) IF 0, DATA TRANSFER 


IN 


TXIR71 


1, ThEN READ TXIR 


LHLD 


TXRBUF 


GET RESULT BUFFER POINTER 


MOV 


M,A 


STORE RESULT IN BUFFER 


INX 


H 


BUMP RESULT POINTER 


SHLC 


TXRBCF 


RESTORE RESULT POINTER 


MVI 


A, Bih 


SET TXFLAG TO SHOW COMPLETION 


STA 


TXFLAG 


SET FLAG 


POP 


PSW 


RESTORE PSW 


PUP 


H 


RESTORE HL 


EI 


;ENABLE 


INTERRUPTS 


RET 


;DONE 




LULD 


TXPNT 


; (*) GET DATA POINTER 


MOV 


A,M 


; (*) GET DATA FROM BUFFER 


OUT 


TXDATA 


I (*) OUTPUT TO 8 27 3 VIA TXDACK 


INX 


H 


; (*> BUMP DATA POINTER 


SHLD 


TXPNT 


; (') RESTORE POINTER 


JMP 


TXI1 


: (*> RETURN AFTER RESTORE 



FUNCTION: POLOP 
INPUTS: NONE 
OUTPUTS: C=0 (NO STATUS), 
"=2 (TX COMPLETION), * 1 
CALLS: TXI, RXI 
DESTROYS: B,C 

DESCRIPTION: POLOP IS CALLED TO POLL THE 8277 EOR 
DATA TRANSFERS AND COMPLETION RESULTS. THE 
ROUTINES TXI AND RXI ARE USED FOR THE ACTUAL 
TRANSFERS AND BUFFER WORK. POLOP RETURNS 
THE STATUS OF THEIR ACTION. 

POLOP: 



POLOP1: 



PUSH 


PSW 


;SAVE PSW 


MVI 


C ,00fi 


;CLEAR C 


IN 


STAT7 \ 


;READ 8 27 3 STATUS 


ANI 


INT 


; ARE TXINT OR RXINT SET? 


JZ 


PEXIT 


;NO, EXIT 


IN 


STAT77 


;HEAD 8 27 3 STATUS 


AN I 


RXINT 


;TEST RX INT 


JNZ 


RXIC 


;YES, GO SERVICE RX 


CALL 


TXI 


;MUST BE TX, GO SERVICE ^T 


LDA 


TXFLAG 


;GET TX FLAG 


CPI 


BIH 


;WAS IT A COMPLETION? |«-) 


JNZ 


PEXIT 


;NO, SO JUST EXIT 


INR 


C 


;YES, UPDATE C 


I NR 


C 




IMP 


POLOPl 


;TRY AGAIN 


CALL 


RXI 


;GO SERVICE RX 


LDA 


RXFLAG 


;GET RX FLAG 


CPI 


eiH 


;bAS IT A COMPLETION? (01) 


JNZ 


PEXIT 


,'NO, SO JUST EXIT 


ILR 


C 


;YES, UPDATE C 


IMP 


POLOPl 


;TRY AGAIN 


POP 


PSW 


.•RESTORE PSW 


RET 


;RETURN 


WITH COMP. STATUS IN C 



Figure 23. Polling Result Handler 



8273 COMMAND DESCRIPTION 

In this section, each command is discussed in detail. In 
order to shorten the notation, please refer to the com- 
mand key in Table 1. The 8273 utilizes five different 
command types: Initialization/Configuration, Receive, 
Transmit, Reset, and Modem Control. 

Initialization/Configuration Commands 

The Initialization/Configuration commands manipulate 
registers internal to the 8273 that define the various 
operating modes. These commands either set or reset 
specified bits in the registers depending on the type of 
command. One parameter is required. Set commands 
perform a logical OR operation of the parameter (mask) 
and the internal register. This mask contains 1s where 
register bits are to be set. A in the mask causes no 
change in the corresponding register bit. Reset com- 
mands perform a logical AND operation of the param- 
eter (mask) and the internal register, i.e., the mask is to 
reset a register bit and a 1 to cause no change. Before 
presenting the commands, the register bit definitions 
are discussed. 

TABLE 1. COMMAND SUMMARY KEY 

Bo. B, _ LSB AND MSB OF RECEIVE BUFFER LENGTH 

Ro- R 1 - LSB AND MSB OF RECEIVED FRAME LENGTH 

Let-, - LSB AND MSB OF TRANSMIT FRAME LENGTH 

A-], A 2 - MATCH ADDRESSES FOR SELECTIVE RECEIVE 

RIC - RECEIVER INTERRUPT RESULT CODE 

TIC - TRANSMITTER INTERRUPT RESULT CODE 

A - ADDRESS FIELD OF RECEIVED FRAME 

C - CONTROL FIELD OF RECEIVED FRAME 



Figure 22. Interrupt-Driven Result Handlers 
with Non-DMA Data Transfers 



Operating Mode Register (Figure 24) 



D 7 -D 6 : Not Used — These bits must not be manipu- 
lated by any command; i.e., D 7 -D 6 must be for 
the Set command and 1 for the Reset command. 

D 5 : HDLC Abort — When this bit is set, the 8273 will 
interrupt when 7 1s (HDLC Abort) are received 
by an active receiver. When reset, an SDLC 
Abort (8 1s) will cause an interrupt. 



D 4 D 3 D 2 0, D„ 



- FLAITRFAM MODE 

- PREFRAME SYNC MODE 

- BUFFERED MODE 



- HOLC ABORT ENABLE 

-NOT USED — DO NOT CHANGE 



EOP Interrupt — Reception of an EOP character 
(0 followed by 7 1s) will cause the 8273 to inter- 
rupt the CPU when this bit is set. Loop con- 
troller stations use this mode as a signal that a 
polling frame has completed the loop. No EOP 
interrupt is generated when this bit is reset. 

Early Tx Interrupt — This bit specifies when the 
transmitter should generate an end of frame in- 
terrupt. If this bit is set, an interrupt is gener- 
ated when the last data character has been 
passed to the 8273. If the user software issues 
another transmit command within two byte 
times, the final flag interrupt does not occur and 
the new frame is transmitted with only one flag 
of separation. If this restriction is not met, more 
than one flag will separate the frames and a 
frame complete interrupt is generated after the 
closing flag. If the bit is reset, only the frame 
complete interrupt occurs. This bit, when set, 
allows a single flag to separate consecutive 
frames. 

Buffered Address and Control — When set, the 
address and control fields of received frames 
are buffered in the 8273 and passed to the CPU 
as results after a received frame interrupt (they 
are not transferred to memory with the informa- 
tion field). On transmit, the A and C fields are 
passed to the 8273 as parameters. This mode 
simplifies buffer management. When this bit is 
reset, the A and C fields are passed to and from 
memory as the first two data transfers. 



Figure 24. Operating Mode Register 



Serial I/O Mode Register (Figure 25) 

D 7 -D 3 : Not Used — These bits must be for the Set 
command and 1 for the Reset command. 

D 2 : Data Loopback— When set, transmitted data 
(TxD) is internally routed to the receive data cir- 
cuitry. When reset, TxD and RxD are indepen- 
dent. 

D^ Clock Loopback — When set, TxC is internally 
routed to RxC. When reset, the clocks are inde- 
pendent. 

D : NRZI (Non-Return to Zero Inverted) — When set, 
the 8273 assumes the received data is NRZI en- 
coded, and NRZI encodes the transmitted data. 
When reset, the received and transmitted data 
are treated as a normal positive logic bit stream. 

Data Transfer Mode Register (Figure 26) 

D 7 -D } : Not Used — These bits must be for the Set 
command and 1 for the Reset command. 

D : Interrupt Data Transfer — When set, the 8273 
will interrupt the CPU when data transfers are 
required (the corresponding IRA Status register 
bit will be to signify a data transfer interrupt 
rather than a Result phase interrupt). When 
reset, 8273 data transfers are performed through 
DMA requests on the DRQ pins without inter- 
rupting the CPU. 



D ■ Prefrarne Sync — When set, the 8273 prefaces 
each transmitted frame with two characters 
before the opening flag. These two characters 
provide 16 transitions to allow synchronization 
of the opposing receiver. To guarantee 16 tran- 
sitions, the two characters are 55H-55H for non- 
NRZI mode (see Serial TD Register description) 
or 00H-00H for NRZI mode. When reset, no 
prefrarne characters are transmitted. 



D7 O e D5 O4 D 3 D; D T Dq 



(XiXXXX 



- NRZI MODE 

CLOCK LOOPBACK 

- DATA LOOPBACK 

- NOT OSED - DO NO T CHANGF 



Figure 25. Serial I/O Mode Register 



D : Flag Stream — When set, the transmitter will 
start sending flag characters as soon as it is 
idle; i.e., immediately if idle when the command 
is issued or after a transmission if the transmit- 
ter is active when this bit is set. When reset, the 
transmitter starts sending Idle characters on 
the next character boundary if idle already, or at 
the end of a transmission if active. 



D T D 6 D 5 D„ D 2 D, D 

IXIXIXIXXXX! I 
I I L ^ i L ' 



INTERRUPT DATA TRANSFERS 
— NOT USED — 00 NOT CHANGE 



Figure 26. Data Transfer Mode 



14 



One Bit Delay Register (Figure 27) 



Selective Receive 



7 ; One Bit Delay — When set, the 8273 retransmits 
the received data stream one bit delayed. This 
mode is entered and exited at a received char- 
acter boundary. When reset, the transmitted and 
received data are independent. This mode is 
utilized for loop operation and is discussed in a 
later section. 

D 6 -D : Not Used — These bits must be for the Set 
command and 1 for the Reset command. 



07 D 6 D5 °<t D 3 »2 °\ °0 




ONE BIT DELAY ENABLE 



Figure 27. One Bit Delay Mode Register 



Figure 28 shows the Set and Reset commands associ- 
ated with the above registers. The mask which se ts or 
resets the desired bits is treated as a single parameter. 
These commands do not interrupt nor provide results 
during the Result phase. After reset, the 8273 defaults to 
all of these bits reset. 



REGISTER 


COMMAND 


HEX 
CODE 


PARAMETER 


ONE BIT DELAY MODE 


SET 


A4 


SET MASK 


RESET 


64 


RESET MASK 


DATA TRANSFER MODE 


SET 


97 


SET MASK 


RESET 


57 


RESET MASK 


OPERATING MODE 


SET 


91 


SET MASK 


RESET 


51 


RESET MASK 


SERIAL I/O MODE 


SET 


AO 


SET MASK 


RESET 


60 


RESET MASK 



Figure 28. Initialization/Configuration Command Summary 



Receive Commands 

The 8273 supports three receive commands plus a 
receiver disable function. 

General Receive 

When commanded to General Receive, the 8273 passes 
all frames either to memory (DMA mode) or to the CPU 
(non-DMA mode) regardless of the contents of the 
frame's address field. This command is used for primary 
and loop controller stations. Two parameters are re- 
quired: B and B^ These parameters are the LSB and 
MSB of the receiver buffer size. Giving the 8273 this 
extra information alleviates the CPU of the burden of 
checking for buffer overflow. The 8273 will interrupt the 
CPU if the received frame attempts to overfill the 
allotted buffer space. 



In Selective Receive, two additional parameters besides 
B and B, are required: A, and A 2 . These parameters are 
two address match bytes. When commanded to Selec- 
tive Receive, the 8273 passes to memory or the CPU 
only those frames having an address field matching 
either or A 2 . This command is usually used for sec- 
ondary stations with A, being the secondary address 
and A 2 is the "All Parties" address. If only one match 
byte is needed, A, and A should be equal. As in General 
Receive, the 8273 counts the incoming data bytes and 
interrupts the CPU if B , B<\ is exceeded. 

Selective Loop Receive 

This command is very similar in operation to Selective 
Receive except that One Bit Delay mode must be set and 
that the loop is captured by placing transmitter in Flag 
Stream mode automatically after an EOP character is 
detected following a selectively received frame. The 
details of using the 8273 in loop configurations is 
discussed in a later section so please hold questions 
until then. 

The handling of interrupt results is common among the 
three commands. When a frame is received without 
error, i.e., the FCS is correct and CD (Carrier Detect) was 
active throughout the frame or no attempt was made to 
overfill the buffer; the 8273 interrupts the CPU following 
the closing flag to pass the completion results. These 
results, in order, are the receiver interrupt result code 
(RIC), and the byte length of the information field of the 
received frame (R , R-(). If Buffered mode is selected, the 
address and control fields are passed as two additional 
results. If Buffered mode is not selected, the address 
and control fields are passed as the first two data 
transfers and R , Ri reflect the information field length 
plus two. 

Receive Disable 

The receiver may also be disabled using the Receive 
Disable command. This command terminates any 
receive operation immediately. No parameters are re- 
quired and no results are returned. 

The details for the Receive command are shown in 
Figure 29. The interrupt result code key is shown in 
Figure 30. Some explanation of these result codes is 
appropriate. 

The interrupt result code is the first byte passed to the 
CPU in the Rxl/R register during the Result phase. Bits 
D 4 -D define the cause of the receiver interrupt. Since 
each result code has specific implications, they are 
discussed separately below. 



COMMAND 


HEX 


PARAM- 


RESULTS - 


CODE 


ETERS 


Rxl/R 


GENERAL RECEIVE 


CO 


Bo. Bl 


RIC, Ro. R 1 . A, C 


SELECTIVE RECEIVE 


C1 


Bo.BlAt.A2 


RIC, R , R-|, A, C 


SELECTIVE LOOP RECEIVE 


C2 


Bq,B 1 ,A 1 ,A 2 


RIC. R , R-|, A. C 


DISABLE RECEIVER 


C5 


NONE 


NONE 



'A AND C ARE PASSED AS RESULTS ONLY IN BUFFERED MODE. 



Figure 29. Receiver Command Summary 



RIC Rx STATUS 



D7-D0 


RECEIVER INTERRUPT RESULT CODE 


AFTER INT 


* 00000 


A-| MATCH OR GENERAL RECEIVE 


ACTIVE 


* 00001 


A2 MATCH 


ACTIVE 


000 00011 


CRC ERROR 


ACTIVE 


000 00100 


ABORT DETECTED 


ACTIVE 


000 00101 


IDLE DETECTED 


DISABLED 


000 00110 


EOP DETECTED 


DISABLED 


000 00111 


FRAME 32 BITS 


ACTIVE 


000 01000 


DMAOVERRUN 


DISABLED 


000 01001 


MEMORY BUFFER OVERFLOW 


DISABLED 


000 01010 


CARRIER DETECT FAILURE 


DISABLED 


000 01011 


RECEIVER INTERRUPT OVERRUN 


DISABLED 


•D7-D5 


PARTIAL BYTE RECEIVED 




111 


ALL&DlU?Ur LAol DTlh 




000 


Do 




100 


D1-D 




010 


D2-D0 




110 


D3-D 




001 


D4D-0 




101 


D 5 -D 




011 


D6-D 





Figure 30. Receiver Interrupt Result Codes (RIC) 



The first two result codes result from the error-free 
reception of a frame. If the frame is received correctly 
after a General Receive command, the first result is 
returned. If either Selective Receive command was used 
(normal or loop), a match with A-| generates the first 
result code and a match with A 2 generates the second. 
In either case, the receiver remains active after the inter- 
rupt; however, the internal buffer size counters are not 
reset That is, if the receive command indicated 100 
bytes were allocated to the receive buffer (B , B-,) and an 
80-byte frame was received correctly, the maximum next 
frame size that could be received without recomman- 
ding the receiver (resetting B and B,) is 20 bytes. Thus, 
it is common practice to recommand the receiver after 
each frame reception. DMA and/or memory pointers are 
usually updated at this time. (Note that users who do 
not wish to take advantage of the 8273's buffer manage- 
ment features may simply use Bo, B-( =0FFH for each 
receive command. Then frames of 65K bytes may be 
received without buffer overflow errors.) 

The third result code is a CRC error. This indicates ihat 
a frame was received in the correct format (flags, etc.); 
however, the received FCS did not check with the inter- 
nally generated FCS. The frame should be discarded. 
The receiver remains active. (Do not forget that even 
though an error condition has been detected, all frame 
information up until that error has either been trans- 
ferred to memory or passed to the CPU. This informa- 
tion should be invalidated. This applies to all receiver 
error conditions.) Note that the FCS, either transmitted or 
received, is never available to the CPU. 

The Abort Detect result occurs whenever the receiver 
sees either an SDLC (8 1s) or an HDLC (71s), depending 
on the Operating Mode register. However, the interven- 
ing Abort character between a closing flag and an Idle 
does not generate an interrupt. If an Abort character 
(seen by an active receiver within a frame) is not pre- 
ceded by a flag and is followed by an Idle, an interrupt 
will be generated for the Abort, followed by an Idle inter- 



rupt one character time later. The Idle Detect result oc- 
curs whenever 15 consecutive 1s are received. After the 
Abort Detect interrupt, the receiver remains active. After 
the Idle Detect interrupt, the receiver is disabled and 
must be recommanded before further frames may be 
received. 

If the EOP Interrupt bit is set in the Operating Mode 
register, the EOP Detect result is returned whenever an 
EOP character is received. The receiver is disabled, so 
the Idle following the EOP does not generate an Idle 
Detect interrupt. 

The minimum number of bits in a valid frame between 
the flags is 32. Fewer than 32 bits indicates an error. If 
Buffered mode is selected, such frames are ignored, i.e., 
no data transfers or interrupts are generated. In non- 
Buffered mode, a < 32-bit frame generates an interrupt 
with the < 32-bit Frame result since data transfers may 
already have disturbed the 8257 or interrupt handler. The 
receiver remains active. 

The DMA Overrun result results from the DMA controller 
being too slow in extracting data from the 8273, i.e., the 
RxDACK signal is not returned before the next received 
byte is ready for transfer. The receiver is disabled if this 
error condition occurs. 

The Memory Buffer Overflow result occurs when the 
number of received bytes exceeds the receiver buffer 
length supplied by the B and B-| parameters in the 
receive command. The receiver is disabled. 

The Carrier Detect Failure result occurs when the CD 
pin goes high (inactive)during reception of a frame. The 
CD pin is used to qualify reception and must be active 
by the time the address field starts to be received. If CD 
is lost during the frame, a CD Failure interrupt is 
generated and the receiver is disabled. No interrupt is 
generated if CD goes inactive between frames. 

If a condition occurs requiring an interrupt be generated 
before the CPU has finished reading the previous inter- 
rupt results, the second interrupt is generated after the 
current Result phase is complete (the RxINT pin and 
status bit go low then high). However, the interrupt 
result for this second interrupt will be a Receive Inter- 
rupt Overrun. The actual cause of the second interrupt is 
lost. One case where this may occur is at the end of a 
received frame where the line goes idle. The 8273 
generates a received frame interrupt after the closing 
flag and then 15-bit times later, generates an Idle Detect 
interrupt. If the interrupt service routine is slow in 
reading the first interrupt's results, the internal Rxl/R 
register still contains result information when the Idle 
Detect interrupt occurs. Rather than wiping out the 
previous results, the 8273 adds a Receive Interrupt Over- 
run result as an extra result. If the system's interrupt 
structure is such that the second interrupt is not 
acknowledged (interruptsare still disabled from the first 
interrupt), the Receive Interrupt Overrun result is read as 
an extra result, after those from the first interrupt. If the 
second interrupt is serviced, the Receive Interrupt Over- 
run is returned as a single result. (Note that the INT pins 
supply the necessary transitions to support a Program- 



mable Interrupt Controller such as the Intel 8259. Each 
interrupt generates a positive-going edge on the appro- 
priate INT pin and the high level is held until the inter- 
rupt is completely serviced.) In general, it is possible to 
have interrupts occurring at one character time inter- 
vals. Thus the interrupt handling software must have at 
least that much response and service time. 

The occurrence of Receive Interrupt Overruns is an in- 
dication of marginal softwaredesign; the system's inter- 
rupt response and servicing time is not sufficient for the 
data rates being attempted. It is advisable to configure 
the interrupt handling software to simply read the inter- 
rupt results, place them into a buffer, and clear the inter- 
rupt as quickly as possible. The software can then ex- 
amine the buffer for new results at its leisure, and take 
appropriate action. This can easily be accomplished by 
using a result buffer flag that indicates when new 
results are available. The interrupt handler sets the flag 
and the main program resets it once the results are 
retrieved. 

Both SDLC and HDLC allow frames which are of arbi- 
trary length (>32 bits). The 8273 handles this N-bit 
reception through the high order bits (D 7 -D 5 ) of the 
result code. These bits code the number of valid re- 
ceived bits in the last received information field byte. 
This coding is shown in Figure 30. The high order bits of 
the received partial byte are indeterminate. [The ad- 
dress, control, and information fields are transmitted 
least significant bit (A ) first. The FCS is complemented 
and transmitted most significant bit first.] 

Transmit Commands 

The 8273 transmitter is supported by three Transmit 
commands and three corresponding Abort commands. 

Transmit Frame 

The Transmit Frame command simply transmits a 
frame. Four parameters are required when Buffered 
mode is selected and two when it is not. In either case, 
the first two parameters are the least and the most 
significant bytes of the desired frame length (L , L^. In 
Buffered mode, L and equal the length in bytes of 
the desired information field, while in the non-Buffered 
mode, L and L 1 must be specified as the information 
field length plus two. (L and L 1 specify the number of 
data transfers to be performed.) In Buffered mode, the 
address and control fields are presented to the transmit- 
ter as the third and fourth parameters respectively. In 
non-Buffered mode, the A and C fields must be passed 
as the first two data transfers. 

When the Transmit Frame command is issued, the 8273 
makes RTS (Request-to-Send) activ e (pin low) if it was 
not already. It then waits until CTS (Clear-to-Send) goes 
active (pin low) before starting the frame. If the Preframe 
Sync bit in the Operting Mode register is set, the trans- 
mitter prefaces two characters (16 transitions) before 
the opening flag. If the Flag Stream bit is set in the 
Operating Mode register, the frame (including Preframe 
Sync if selected) is started on a flag boundary. Other- 
wise the frame starts on a character boundary. 



At the end of the frame, the transmitter interrupts the 
CPU (the interrupt results are discussed shortly) and 
returns to either Idle or Flag Stream, depending on the 
Flag Stream bit of the Operating Mode register. If RTS 
was active before the transmit command, the 8273 does 
not change it. If it was inactive, the 8273 will deactivate 
it within one character time. 

Loop Transmit 

Loop Transmit is similar to Frame Transmit (the param- 
eter definition is the same). But since it deals with !oop 
configurations, One Bit Delay mode must be selected. 

If the transmitter is not in Flag Stream mode when this 
command is issued, the transmitter waits until after a 
received EOP character has been converted to a flag 
(this is done automatically) before transmitting. (The 
one bit delay is, of course, suspended during transmit.) 
If the transmitter is already in Flag Stream mode as a 
result of a selectively received frame during a Selective 
Loop Receive command, transmission will begin at the 
next flag boundary for Buffered mode or at the third flag 
boundary for non-Buffered mode. This discrepancy is to 
allow time for enough data transfers to occur to fill up 
the internal transmit buffer. At the end of a Loop Trans- 
mit, the One Bit Delay mode is re-entered and the flag 
stream mode is reset. More detailed loop operation is 
covered later. 

Transmit Transparent 

The Transmit Transparent command enables the 8273 to 
transmit a block of raw data. This data is without SDLC 
protocol, i.e., no zero bit insertion, flags, or FCS. Thus it 
is possible to construct and transmit a Bi-Sync message 
for front-end processor switching or to construct and 
transmit an SDLC message with incorrect FCS for diag- 
nostic purposes. Only the L and L 1 parameters are used 
since there are not fields in this mode. (The 8273 does 
not support a Receive Transparent command.) 

Abort Commands 

Each of the above transmit commands has an associ- 
ated Abort command. The Abort Frame Transmit com- 
mand causes the transmitter to send eight contiguous 
ones (no zero bit insertion) immediately and then revert 
to either idle or flag streaming based on the Flag Stream 
bit. (The 8 1s as an Abort character is compatible with 
both SDLC and HDLC.) 

For Loop Transmit, the Abort Loop Transmit command 
causes the transmitter to send one flag and then revert 
to one bit delay. Loop protocol depends upon FCS 
errors to detect aborted frames. 

The Abort Transmit Transparent simply causes the 
transmitter to revert to either idles or flags as a function 
of the Flag Stream mode specified. 

The Abort commands require no parameters, however, 
they do generate an interrupt and return a result when 
complete. 

A summary of the Transmit commands is shown in 
Figure 31. Figure 32 shows the various transmit inter- 
rupt result codes. As in the receiver operation, the 
transmitter generates interrupts based on either good 



completion of an operation or an error condition to start 
the Result phase. 

The Early Transmit Interrupt result occurs after the last 
data transfer to the 8273 if the Early Transmit Interrupt 
bit is set in the Operating Mode register. If the 8273 is 
commanded to transmit again within two character 
times, a single flag will separate the frames. (Buffered 
mode must be used for a single flag to separate the 
frames. If non-Buffered mode is selected, three flags 
will separate the frames.) If this time constraint is not 
met, another interrupt is generated and multiple flags or 
idles will separate the frames. The second interrupt is 
the normal Frame Transmit Complete interrupt. The 
Frame Transmit Complete result occurs at the closing 
flag to signify a good completion. 

The DMA Underrun result is analogous to the DMA Over- 
run result in the receiver. Since SDLC does not support 
intraframe time fill, if the DMA controller or CPU does 
not supply the data in time, the frame must be aborted. 
The action taken by the transmitter on this error is auto- 
matic. It aborts the frame just as if an Abort command 
had been issued. 

Clear-to-Send Error result is generated if CTS goes inac- 
tive during a frame transmission. The frame is aborted 
as above. 

The Abort Complete result is self-explanatory. Please 
note however that no Abort Complete interrupt is 
generated when an automatic abort occurs. The next 
command type consists of only one command. 











COMMAND 


HEX 
CODE 


PARAMETERS' 


RESULTS 
Txl/R 


TRANSMIT FRAME 
ABORT 


C8 
CC 


L . L,. A. C 
NONE 


TIC 
TIC 


LOOP TRANSMIT 
ABORT 


CA 
CE 


L . M. A. C 
NONE 


TIC 
TIC 


TRANSMIT TRANSPARENT 
ABORT 


CO 
CD 


L0.L1 
NONE 


TIC 
TIC 



A AND C ARE PASSED AS PARAMETERS IN BUFFERED MODE ONLY. 

Figure 31. Transmitter Command Summary 



TIC 

n 7- n 



TRANSMITTER INTERRUPT RESULTCODE 



Tx STATUS 
AFTER INT 



000 01100 EARLY Tx INTERRUPT 

000 01101 FRAME Tx COMPLETE 

000 01110 DMA UNDERRUN 

000 01111 CLEAR TO SEND ERROR 

000 10000 ABORT COMPLETE 



ACTIVE 
IDLE OR FLAGS 

ABORT 

ABORT 
IDLE OR FLAGS 



Figure 32. Transmitter Interrupt Result Codes 



Reset Command 

The Reset command provides a software reset function 
for the 8273. It is a special case and does not utilize the 
normal command interface. The reset facility is provided 
in the Test Mode register. The 8273 is reset by simply 
outputting a 01 H followed by a COM to the Test Mode 
register. Writing the 01 followed by the 00 mimicks the 
action required by the hardware reset. Since the 8273 re- 
quires time to process the reset internally, at least 10 
cycles of the 0CLK clock must occur between the 



writing of the 01 and the 00. The action taken is the 
same as if a hardware reset is performed, namely: 

1. The modem control outputs are forced high 
inactive). 

2. The 8273 Status register is cleared. 

3. Any commands in progress cease. 

4. The 8273 enters an idle state until the next com- 
mand is issued. 

Modem Control Commands 

The modem control ports were discussed earlier in the 
Hardware section. The commands used to manipulate 
these ports are shown in Figure 33. The Read Port A and 
Read Port B commands are immediate. The bit defini- 
tion for the returned byte is shown in Figures 13 and 14. 
Do not forget that the returned value represents the 
logical condition of the pin, i.e., pin active (low) = bit 
set. 



PORT 


COMMAND 


HEX 
CODE 


PARAMETER 


REG 
RESULT 


A INPUT 


READ 


22 


NONE 


PORTVALUE 


B OUTPUT 


READ 


23 


NONE 


PORTVALUE 


SET 


A3 


SET MASK 


NONE 


RESET 


63 


RESETMASK 


NONE 



Figure 33. Modem Control Command Summary 

The Set and Reset Port B commands are similar to the 
Initialization commands in that they use a mask param- 
eter which defines the bits to be changed. Set Port B 
utilizes a logical OR mask and Reset Port B uses a 
logical AND mask. Setting a bit makes the pin active 
(low). Resetting the bit deactivates the pin (high). 

To help clarify the numerous timing relationships that 
occur and their consequences, Figures 34 and 35 are 
provided as an illustration of several typical sequences. 
It is suggested that the reader go over these diagrams 
and re-read the appropriate part of the previous sections 
if necessary. 

HLDC CONSIDERATIONS 

The 8273 supports HDLC as well as SDLC. Let's discuss 
how the 8273 handles the three basic HDLC/SDLC dif- 
ferences: extended addressing, extended control, and 
the 7 1s Abort character. 

Recalling Figure 4A, HDLC supports an address field of 
indefinite length. The actual amount of extension used 
is determined by the least significant bit of the charac- 
ters immediately following the opening flag. If the LSB 
is 0, more address field bytes follow. If the LSB is 1, this 
byte is the final address field byte. Software must be 
used to determine this extension. 

If non-Buffered mode is used, the A, C, and I fields are in 
memory. The software must examine the initial charac- 
ters to find the extent of the address field. If Buffered 
mode is used, the characters corresponding to the 
SDLC A and C fields are transferred to the CPU as inter- 
rupt results. Buffered mode assumes the two characters 
following the opening flag are to be transferred as inter- 
rupt results regardless of content or meaning. (The 8273 



does not know whether it is being used in an SDLC or an 
HDLC environment.) In SDLC, these characters are 
necessarily the A and C field bytes, however in HDLC, 
their meaning may change depending on the amount of 
extension used. The software must recognize this and 
examine the transferred results as possible address 
field extensions. 

Frames may still be selectively received as is needed for 
secondary stations. The Selective Receive command is 
still used. This command qualifies a frame reception on 
the first byte following the opening flag matching either 
of the A! or A 2 match byte parameters. While this does 
not allow qualificationover the complete range of HDLC 
addresses, it does perform a qualification on the first 
address byte. The remaining address field bytes, if any, 
are then examined via software to completely qualify 
the frame. 

Once the extent of theaddress field is found, the follow- 
ing bytes form the control field. The same LSB test used 
for the address field is applied to these bytes to deter- 
mine the control field extension, up to two bytes maxi- 
mum. The remaining frame bytes in memory represent 
the information field. 

The Abort character difference is handled in the 
Operating Mode register. If the HDLC Abort Enable bit is 
set, the reception of seven contiguous ones by an active 
receiver will generate an Abort Detect interrupt rather 
than eight ones. (Note that both the HDLC Abort Enable 
bit and the EOP Interrupt bit must not be set simultane- 
ously.) 

Now let's move on to the SDLC loop configuration 
discussion. 



LOOP CONFIGURATION 

Aside from use in the normal data link applications, the 
8273 is extremely attractive in loop configuration due to 
the special frame-level loop commands and the Digital 
Phase Locked Loop. Toward this end, this section 
details the hardware and software considerations when 
using the 8273 in a loop application. 

The loop configuration offers a simple, low-cost solu- 
tion for systems with multiple stations within a small 
physical location, i.e., retail stores and banks. There are 
two primary reasons to consider a loop configuration. 
The interconnect cost is lower for a loop over a multi- 
point configuration since only one twisted pair or fiber 
optic cable is used. (The loop configuration does not 
support the passing of distinct clock signals from sta- 
tion to station.) In addition, loop stations do not need 
the intelligence of a multi-point station since the loop 
protocol is simpler. The most difficult aspects of loop 
station design are clock recovery and implementation of 
one bit delav (both are handled neatlv bv the 8273). 

Figure 36 illustrates a typical loop configuration with 
one controller and two down-loop secondaries. Each 
station must derive its own data timing from the 
received data stream. Reca lling our earlier discussion of 
the DP LL, no tice that TxC and RxC clocks are provided 
by the DPLL output. The only clock required in the 
secondaries is a simple, non-synchronized clock at 32 
times the desired baud rate. The controller requires both 
32 x and 1 x clocks. (The 1 x is usually implementeo by 
dividing the 32 x clock with a 5-bit divider. However, 
there is no synchronism requirement between these 
clocks so any convenient implementation may be used.) 
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Figure 34. Sample Receiver Timing Diagrams 
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Figure 35. Sample Transmitter Timing Diagrams 
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Figure 36. SDLC Loop Application 



A quick review of loop protocol is appropriate. All com- 
munication on the loop is controlled by the loop con- 
troller. When the controller wishes to allow the sec- 
ondaries to transmit, it sends a polling frame (the con- 
trol field contains a poll code) followed by an EOP (End- 
of-Poll) character. The secondaries use the EOP 
character to capture the loop and insert a response 
frame as will be discussed shortly. 

The secondaries normally operate in the repeater mode, 
retransmitting received data with one bit time of delay. 
All received frames are repeated. The secondary uses 
the one bit time of delay to capture the loop. 

When the loop is idle (no frames), the controller trans- 
mits continuous flag characters. This keeps transitions 
on the loop for the sake of down-loop phase locked 
loops. When the controller has a non-polling frame to 
transmit, it simply transmits the frame and continues to 
send flags. The non-polling frame is then repeated 
around the loop and the controller receives it to signify a 
complete traversal of the loop. At the particular second- 
ary addressed by the frame, the data is transferred to 
memory while being repeated. Other secondaries simply 
repeat it. 

If the controller wants to poll the secondaries, it 
transmits a polling frame followed by all 1s (no zero bit 
insertion). The final zero of the closing frame plus the 
first seven I s form an EOP. While repeating, the secon- 
daries monitor their incoming line for an EOP. When an 
EOP is received, the secondary checks if it has any 
response for the controller. If not, it simply continues 
repeating. If the secondary has a response, it changes 
the seventh EOP one into a zero (the one bit time of 
delay allows time for this) and repeats it, forming a flag 
for the down-loop stations. After this flag is transmitted, 



the secondary terminates its repeater function and in- 
serts its response frame (with multiple preceding flags 
if necessary). After the closing flag of the response, the 
secondary re-enters its repeater function, repeating the 
up-loop controller Is. Notice that the final zero of the 
response's closing flag plus the repeated I s from the 
controller form a new EOP for the next down-loop 
secondary. This new EOP allows the next secondary to 
insert a response if it desires. This gives each secon- 
dary a chance to respond. 

Back at the controller, aiter the polling frame has been 
transmitted and the continuous Is started, the con- 
troller waits until it receives an EOP. Receiving an EOP 
signifies to the controller that the original frame has 
propagated around the loop followed by any responses 
inserted by the secondaries. At this point, the controller 
may either send flags to idle the loop or transmit the 
next frame. Let's assume that the loop is implemented 
completely with the 8273s and describe the command 
flows for a typical controller and secondary. 

The loop controller is initialized with commands which 
specify that the NRZI, Preframe Sync, Flag Stream, and 
EOP Interrupt modes are set. Thus, the controller en- 
codes and decodes all data using NRZI format. Preframe 
Sync mode specifies that all transmitted frames be 
prefaced with 16 line transitions. This ensures that the 
minimum of 12 transitions needed by the DPLLs to lock 
after an all 1s line have occurred by the time the second- 
ary sees a frame's opening flag. Setting the Flag Stream 
mode starts the transmitter sending flags which idles 
the loop. And the EOP Interrupt mode specifies that the 
controller processor will be interrupted whenever the 
active receiver sees an EOP, indicating the completion 
of a poll cycle. 

When the controller wishes to transmit a non-polling 
frame, it simply executes a Frame Transmit command. 
Since the Flag Stream mode is set, no EOP is formed 
after the closing flag. When a polling frame is to be 
transmitted, a General Receive command is executed 
first. This enables the receiver and allows reception of 
all incoming frames; namely, the original polling frame 
plus any response frames inserted by the secondaries. 
After the General Receive command, the frame is trans- 
mitted with a Frame Transmit command. When the 
frame is complete, a transmitter interrupt is generated. 
The loop controller processor uses this interrupt to 
reset Flag Stream mode. This causes the transmitter to 
start sending all Is. An EOP is formed by the last fiag 
and the first 7 Is. This completes the loop controller 
transmit sequence. 

At any time following the start of the polling frame 
transmission the loop controller receiver will start 
receiving frames. (The exact time difference depends, of 
course, on the number of down-loop secondaries due to 
each inserting one bit time of delay.) The first received 
frame is simply the original polling frame. However, any 
additional frames are those inserted by the secondaries. 
The loop controller processor knows all frames have 
been received when it sees an EOP Interrupt. This inter- 
rupt is generated by the 8273 since the EOP Interrupt 
mode was set during initialization. At this point, the 
transmitter may be commanded either to enter Flag 



Stream mode, idling the loop, or to transmit the next 
frame. A flowchart of the above sequence is shown in 
Figure 37. 

The secondaries are initialized with the NRZI and One 
Bit Delay modes set. This puts the 8273 into the repeater 
mode with the transmitter repeating the received data 
with one bit time of delay. Since a foop station cannot 
transmit until it sees and EOP character, any transmit 
command is queued until an EOP is received. Thus 
whenever the secondary wishes to transmit a response, 
a Loop Transmit command is issued. The 8273 then 
waits until it receives an EOP. At this point, the receiver 
changes the EOP into a flag, repeats it, resets One Bit 
Delay mode stopping the repeater function, and sets the 
transmitter into Flag Stream mode. This captures the 
loop. The transmitter now inserts its message. At the 
closing flag, Flag Stream mode is reset, and One Bit 
Delay mode is set, returning the 8273 to repeater func- 
tion and forming an EOP for the next down-loop station. 
These actions happen automatically after a Loop 
Transmit command is issued. 
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When the secondary wants its receiverenabled, a Selec- 
tive Loop Receive command is issued. The receiver then 
looks for a frame havina a match in the Address field. 
Once such a frame is received, repeated, and trans- 
ferred to memory, the secondary's processor is inter- 
rupted with the appropriate Match interrupt result and 
the 8273 continues with the repeater function until an 
EOP is received, at which point the loop is captured as 
above. The processor should use the interrupt to deter- 
mine if it has a message for the controller. If it does, it 
simply issues a Loop Transmit command and things 
progress as above. If the processor has no message, the 
software must reset the Flag Stream mode bit in the 
Operating Mode register. This will inhibit the 8273 from 
capturing the loop at the EOP. (The match frame and the 
EOP may be separated in time by several frames de- 
pending on how many up-loop stations inserted mes- 
sages of their own.) If the timing is such that the 
receiver has already captured the loop when the Flag 
Stream mode bit is reset, the mode is exited on a flag 
boundary and the frame just appears to have extra clos- 
ing flags before the EOP. Notice that the 8273 handles 
the queuing of the transmit commands and the setting 
and resetting of the mode bits automatically. Figure 38 
illustrates the major points of the secondary command 
sequence. 
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Figure 37. Loop Controller Flowchart 



Figure 38. Loop Secondary Flowchart 



When an off-line secondary wishes to come on-line, it 
must do so in a manner which does not disturb data on 
the loop. Figure 39 shows a typical hardware interface. 
The line labeled Port could be one of the 8273 Port B out- 
puts and is assumed to be high (1) initially. Thus up-loop 
data is simply passed down-loop with no delay; how- 
ever, the receiver may still monitor data on the loop. To 
come on-line, the secondary is initialized with only the 
EOP Interrupt mode set. The up-loop data is then moni- 
tored until an EOP occurs. At this point, the secondary's 
CPU is interrupted with an EOP interrupt. This signals 
the CPU to set One Bit Delay mode in the 8273 and then 
to set Port low (active). These actions switch the sec- 
ondary's one bit delay into the loop. Since after the EOP 
only 1s are traversing the loop, no loop disturbance oc- 
curs. The secondary now waits for the next EOP, cap- 
tures the loop, and inserts a "new on-line" message. 
This signals the controller that a new secondary exists 
and must be acknowledged. After the secondary re- 
ceives its acknowledgement, the normal command flow 
is used. 

It is hopefully evident from the above discussion that 
the 8273 offers a very simple and easy to implement 
solution for designing loop stations whether they are 
controllers or down-loop secondaries. 
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Figure 39. Loop Interface 



APPLICATION EXAMPLE 

This section describes the hardware and software of the 
827318085 system used to verify the 8273 implementa- 
tion of SDLC on an actual IBM SDLC Link. This IBM link 
was gratefully volunteered by Raytheon Data Systems in 
Norwood, Mass. and I wish to thank them for their 
generous cooperation. The IBM system consisted of a 
370 Mainframe, a 3705 Communications Processor, and 
a 3271 Terminal Controller. A Comlink II Modem sup- 
plied the modem interface and all communications took 
place at 4800 baud. In addition to observing correct 
responses, a Spectron D601B Datascope was used to 
verify the data exchanges. A block diagram of the 
system is shown in Figure 40. The actual verification 
was accomplished by the 8273 system receiving and 
responding to polls from the 3705. This method was 
used on both point-to-point and multi-point configura- 
tions. No attempt was made to implement any higher 
protocol software over that of the poll and poll re- 
sponses since such software would not affect the veri- 
fication of the8273 implementation. As testimony to the 
ease of use of the 8273, the system worked on the first 
try. 
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Figure 40. Raytheon Block Diagram 



An SDK-85 (System Design Kit) was used as the core 
8085 system. This system provides up to 4K bytes of 
ROMIEPROM, 512 bytes of RAM, 76 I/O pins, plus two 
timers as provided in two 8755 Combination EPROM/I/O 
devices and two 8155 Combination RAM/I/O/Timer 
devices. In addition, 5 interrupt inputs are supplied on 
the 8085. The address, data, and control buses are buf- 
fered by the 8212 and 8216 latches and bidirectional bus 
drivers. Although it was not used in this application, an 
8279 Display Driver/Keyboard Encoder is included to in- 
terface the on board display and keyboard. A block 
diagram of the SDK-85 is shown in Figure 41. The 8273 
and associated circuitry was constructed on the ample 
wire-wrap area provided for the user. 

The example 827318085 system is interrupt-driven and 
uses DMA for all data transfers supervised by an 8257 
DMA Controller. A 2400 baud asynchronous line, imple- 
mented with an 8251A USART, provides communication 
between the software and the user. 8253 Programmable 
Interval Timer is used to supply the baud rate clocks for 
the 8251 A and 8273. (The 8273 baud rate clocks were 
used only during initial system debug. In actual opera- 
tion, the modem supplied these clocks via the RS-232 in- 
terface.) Two 2142 1KX4 RAMs provided 512 bytes of 
transmitter and 512 bytes of receiver buffer memory. 
(Command and result buffers, plus miscellaneous 
variables are stored in the 8155s.) The RS-232 interface 
utilized MC1488 and MC1489 RS-232 drivers and 
receivers. The schematic of the system is shown in 
Figure 42. 

One detail to note is the DMA and interrupt structure of 
the transmit and receive channels. In both cases, the 
receiver is always given the higher priority (8257 DMA 
channel has priority over the remaining channels and 
the 8085 RST 7.5 interrupt input has priority over the 
RST 6.5 input.) Although the choice is arbitrary, this 
technique minimizes the chance that received data 
could be lost due to other processor or DMA com- 
mitments. 

Also note that only one 8205 Decoder is used for both 
the peripherals' and the memorys' Chip Selects. This 
was done to eliminate separate memory and I/O 
decoders since it was known beforehand that neither 
address space would be completely filled. 

The 4 MHz crystal and 8224 Clock Generator were used 
only to verify that the 8273 operates correctly at that 
maximum spec speed. In a normal system, the 3.072 
MHz clock from the 8085 would be sufficient. (This fact 
was verified during initial checkout.) 
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Figure 42. 8273/SDK-85 System 
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The software consists of the normal monitor program 
supplied with the SDK-85 and a program to input com- 
mands to the 8273 and to display results. The SDK-85 
monitor allows the user to read and write on-board RAM, 
start execution at any memory location, to single-step 
through a program, and to examine any of the 8085's in- 
ternal registers. The monitor drives either the on-board 
keyboard/LED display or a serial TTY interface. This 
monitor was modified slightly in order to use the 8251A 
with a 2400 baud CRT as opposed to the 110 baud nor- 
mally used. The 8273 program implements monitor-like 
user interface. 8273 commands are entered by a two- 
character code followed by any parameters required by 
that command. When 8273 interrupts occur, the source 
of the interrupt is displayed along with any results 
associated with it. To gain a flavor of how the user/pro- 
gram interface operates, a sample output is shown in 
Figure 43. The 8273 program prompt character is a " - " 
and user inputs are underlined. 

The "SO 05" implements the Set Operating Mode com- 
mand with a parameter of 05H. This sets the Buffer and 
Flag Stream modes. "SS 01 " sets the 8273 in NRZI mode 
using the Set Serial I/O Mode command. The next com- 
mand specifies General Receiver with a receiver buffer 
size of 0100H bytes (B = 00, B 1 = 01). The "TF" com- 
mand causes the 8273 to transmit a frame containing an 
address field of C2H and control field of 11 H. The infor- 
mation field is 001 1 22. The "TF" command has a special 
format. The L and L 1 parameters are computed from the 
number of information field bytes entered. 

After the TF command is entered, the 8273 transmits the 
frame (assuming that the modem protocol is observed). 
After the closing flag, the 8273 interrupts the 8085. The 
8085 reads the interrupt results and places them in a 
buffer. The software examines this buffer for new 
results and if new results exist, the source of the inter- 
rupt is displayed along with the results. 

In this example, the ODH result indicates a Frame Com- 
plete interrupt. There is only one result for a transmitter 
interrupt, the interrupt's trailing zero results were in- 
cluded to simplify programming. 

The next event is a frame reception. The interrupt 
results are displayed in the order read from the 8273. 
The EOH indicates a General Receive interrupt with the 
last byte of the information field received on an 8-bit 
boundary. The 03 00 (R , R-,) results show that there are 
3H bytes of information field received. The remaining 
two results indicate that the received frame had a C2H 
address field and a 34H control field. The 3 bytes of in- 
formation field are displayed on the next line. 
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Figures 44 through 51 show the flowcharts used for the 
8273 program development. The actual program listing 
is included as Appendix A. Figure 44 is the main status 
poll loop. After all devices are initialized and a prompt 
character displayed, a loop is entered at LOOPIT. This 
loop checks for a change of status in the result buffer or 
if a keyboard character has been received by the 8251 or 
if a poll frame has been received. If any of these condi- 
tions are met, the program branches to the appropriate 
routine. Otherwise, the loop is traversed again. 
The result buffer is implemented as a 255-byte circular 
buffer with two pointers: CNADR and LDADR. CNADR is 
the console pointer. It points to the next result to be 
displayed LDADR is the load pointer. It points to the 
next empty position in the buffer into which the inter- 
rupt handler places the next result. The same buffer is 
used for both transmitter and receiver results. LOOPIT 
examines these pointers to detect when CNADR is not 
equal to LDADR indicating that the buffer contains 
results which have not been displayed. When this oc- 
curs, the program branches to the DISPLY routine. 

DISPLY determines the source of the undisplayed 
results by testing the first result. This first result is 
necessarily the interrupt result code. If this result is 
OCH or greater, the result is from a transmitter interrupt. 
Otherwise it is from a receiver source. The source of the 
result code is then displayed on the console along with 
the next four results from the buffer. If the source was a 
transmitter interrupt, the routine merely repoints the 
pointer CNADR and returns to LOOPIT. For a receiver 
source, the receiver data buffer is displayed in addition 
to the receiver interrupt results before returning to 
LOOPIT. 
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Figure 43. Sample 8273 Monitor I/O 




Figure 44. Main Status Poll Loop 
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Figure 47. TF Subroutine 
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Figure 45. DISPLY Subroutine 
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Figure 48. TxPOL Subroutine 
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Figure 46. GETCMD Subroutine 



Figure 49. COMM Subroutine with Command Buffer Format 
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Figure 50. Txl (Transmitter Interrupt) Routine 



If the result buffer pointers indicate an empty buffer, the 
8251 A is polled for a keyboard character. If the 8251 has 
a character, GETCMD is called. There the character is 
read and checked if legal. Illegal characters simply 
cause a reprompt. Legal characters indicate the start of 
a command input. Most commands are organized as two 
characters signifying the command action; i.e., GR — 
General Receive. The software recognizes the two char- 
acter command code and takes the appropriate action. 
For non-Transmit type commands, the hex equivalent of 
the command is placed in the C register and the number 
of parameters associated with that command is placed 
in the B register. The program then branches to the 
COMM routine. 

The COMM routine builds the command buffer by 
reading the required number of parameters from the 
keyboard and placing them at the buffer pointed at by 
CMDBUF. The routine at COMM2 then issues this com- 
mand buffer to the 8273. 

If a Transmit type command is specified, the command 
buffer is set up similarly to the the COMM routine; 
however, since the information field data is entered 
from the keyboard, an intermediate routine, TF, is 
called. TF loads the transmit data buffer pointed at by 
TxBUF. It counts the number of data bytes entered and 
loads this number into the command buffer as L , 
L v The command is then issued to the 8273 by jumping 
toCMDOUT. 

One command does not directly result in a command be- 
ing issued to the 8273. This command, Z, operates a 
software flip-flop which selects whether the software 
will respond automatically to received polling frames. If 



the Poll-Response mode is selected, the prompt 
character is changed to a ' + '. If a frame is received 
which contains a prearranged poll control field, the 
memory location POLIN is made nonzero by the receiver 
interrupt handler. LOOPIT examines this location and if 
it is nonzero, causes a branch to the TxPOL routine. The 
TxPOL routine clears POLIN, sets a pointer to a special 
command buffer at CMDBLIF1, and issues the command 
by way of the COMM2 entry in the COMM routine. The 
special command buffer contains the appropriate 
response frame for the poll frame received. These ac- 
tions only occur when the Z command has changed the 
prompt to a ' + '. If the prompt is normal polling 
frames are displayed as normal frames and no response 
is transmitted. The Poll-Response mode was used dur- 
ing the IBM tests. 




CHECK IF RESULTS 
WILL FILL RESULT 
BUFFER 



T 




READ RESULTS AND 
PLACE IN RESULT 
BUFFER 




TEST CONTROL 
FIELD 



T 




SETUP SPECIAL 
COMMAND BUFFER 

SET POLL STATUS 



Figure 51. Rxl (Recevier Interrupt) Routine 



The final two software routines are the transmitter and 
receiver interrupt handlers. The transmit interrupt 
handler, Txl, simply saves the registers on the stack and 
checks if loading the result buffer will fill it. If the result 
buffer will overfill, the program is exited and control is 
passed to the SDK-85 monitor. If not, the results are 
read from the Txl/R register and placed in the result buf- 
fer at LDADR. The DMA pointers are then reset, the 
registers restored, and interrupts enabled. Execution 
then returns to the pre-interrupt location. 

The receiver interrupt handler, Rxl, is only slightly more 
complex. As in Txl, the registers are saved and the 
possibility of overfilling the result buffer is examined. If 
the result buffer is not full, the results are read from 
Rxl/R and placed in the buffer. At this point the prompt 
character is examined to see if the Poll-Response mode 
is selected. If so, the control field is compared with two 
possible polling control fields. If there is a match, the 



special command buffer is loaded and the poll indicator, 
POLIN, is made nonzero. If no match occurred, no action 
is taken. Finally, the receiver DMA buffer pointers are 
reset, the processor status restored, and interrupts are 
enabled. The RET instruction returns execution to the 
pre-interrupt location. 

This completes the discussion of the 827318085 system 
design. 

CONCLUSION 

This application note has covered the 8273 in some 
detail. The simple and low cost loop configuration was 
explored. And an 827318085 system was presented as a 
sample design illustrating the DMA/interrupt-driven in- 
terface. It is hoped that the major features of the 8273, 
namely the frame-level command structure and the 
Digital Phase Locked Loop, have been shown to be a 
valuable asset in an SDLC system design. 
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ASM88 Fl RAVT73. SRC 



APPENDIX A 



ISIS-II 8888/8085 MACRO ASSEMBLER.. X188 MODULE FflGE 1 



LOC OBJ 



SEE! 



SOURCE STATEMENT 



8888 
0989 
8889 



1 *NOPAGING MOD85 NOCOf. 

2 TRUE EQU 80H 



, 88 FDR RAVTHEON 

,FF FOR SELF-TEST 
i m FOR NORMAL RESPONSE 

;FF FOR LOOP RESPONSE 
, m FOR NO DEMO 
;FF FOR DEHO 



4 TRUEl EQU 90H 

5 , 

6 DEM EQU 80H 

8 • 

3 : 

18 • GENERAL 8273 MONITOR WITH RAYTHEON POLL HODE ADDED 
11 ; 

17 ; 

18 ; 

19 > COMMAND SUPPORTED ARE: RS - RESET SERIAL I/O MODE 
28 
2'i 

99 

24 

25 
2fi 



SS " SET SERIAL I/O MODE 
RO " RESET OPERATING MODE 
SO - SET OPERATING HODE 
RD " RECEIVER DISABLE 
OR - GENERAL RECEIVE 
SR - SELECTIVE RECEIVE 
TF - TRANSMIT FRAK 
AF - ABORT FRAME 
SP - SET FORT B 
- RP " RESET PORT E 

22 .; RB - BESET 8NE BIT DELRY (PAR = 7F> 

21 :■ SB - SET ONE BIT DELAY (PAP = 88) 

SL - SELECTIVE LOOP RECEIVE 

TL - TRANSMIT LOOP 

Z - CHANGE MODES FLIP/FLOP 

70 ■ 
-•v .' 

48 ■ 

41 ..NOTE: SET-' COMMANDS IMPLEMENT LOGICAL OR' FUNCTIONS 

42 RESET'" COMMANDS IMPLEMENT LOGICAL AND ' FUNCTIONS 

4i ; 

44 ; :f t , t ..f .('.»::♦ >: * t .t f f vt :*.* t f t *' »»•(*«» t~*::f T f. *.f f f.:t ♦ ♦ ** * ft *** * »*:**.<» * f * * rt 

45 ; 

46 i BUFFERED MODE MUST BE SELECTED WHEN SELECTIVE RECEIVE IS USED. 

47 .; 

48 ■ COMMAND FORMAT IS: COMMAND (2 LTRS) - ' 'PAR. #1"' 'PAR. #2"' ETC. 

49 ; 

58 ; THE TRANSMIT FRAME COMMAND FORMAT IS; 'TF' "A' "C' "BUFFER CONTENTS'. 
5 1 NO LENGTH COUNT IS NEEDED. BUFFER CONTENTS IS ENDED WITH fl CR. 

52 i 

53 i t t:+»..: t +:.t.+*+**'m*^ 
54 

55 : POLLED MODE: WHEN POLLED MODE IS SELECTED (DENOTED BV ft "+"' PROMPT), IF 



29 



56 ; A SNRH-P CR RR-.0)-P IS RECEIVED, A RESPONSE FRAME CF NSfl-F 

<™ ■ CR RR<e>-F I S TRANSMITTED. OTHER COMMANDS OPERATE NORMALLY. 

6 2 

64 , 

65 ,8273 EQUATES 

66 ; 



009U 


K>'. iTHTi-j 


EQU 


90H 




,'_'lnlU-' ntbloltn 


0099 


68 CGMM7I 


EQU 


90H 




..COMMAND REGISTER 


8391 


69 PAPM73 


EQU 


91K 




;PAEAKTER REGISTER 


0091 


79 RESL73 


EQU 


91H 




.■ RESULT REGISTER 


0992 


71 TXIR73 


EQU 


92H 




;TX INTERRUPT RESULT REGISTER 


0092 


72 RXIR73 


EQU 


93H 




RX INTERRUPT RESULT REGISTER 


0092 


73 TES T 73 


EQU 


93H 




; TEST MODE REGISTER 


0020 


74 CPBF 


EQU 


20H 




.■PARAMETER BUFFER FULL BIT 


0004 


75 TXINT 


EQU 


04H 




;TX INTERRUPT BIT IN STATUS REGISTER 


0968 


76 RXINT 


EQU 


88H 




;RX INTERRUPT BIT IN STATUS REblbTER 


0001 


77 TXIRA 


EQU 


81H 




,TX INT RESULT AVAILABLE BIT 


0002 


78 RXIRA 

v r , 


EQU 


02K 




RK INT RESULT AVAILABLE BIT 




80 ;3253 EQOhTES 








O09B 


32 M0DE53- 


EQU 


9BK 




i8253- MODE WORD REGISTER 


009C 


33 CNT053 


EQU 


9CH 




, COUNTER O REGISTER 


O09D 


34 CNT153 


EQU 


9DH 




,; COUNTER 1 REGISTER 




85 CNT253 


EQU 


9EH 




; COUNTER 2 REGISTER 


000L 


36 COBR 


EQU 


00OCH 




i CONSOLE BAUD RATE (2460) 


0036 


87 MDCNTO 


EQU 


36H 




, MODE FOR COUNTER 


0096 


S3 HDCNT2 


EQU 


0B6H 




.; MODE FOR COUNTER 2 




39 LKBRl 


EQU 


2017H 




, sc ^- BAUD RATE LSB ADR 


ctuo 


SB LKBR2 


EQU 


20i8H 




,8273 BAUD RATE MSB ADR 




92 .; BAUD RATE TABLE : 


BAUD RATE LKBRl LKBR2 




94 ; 






■T-T-T-T- T '~" T ' 

9660 


■T- T- .J. .7. -T -T- -T- T T' ■■■ T- T- 

2E 00 




95 .; 






4809 


5C 90 




,; 








E9 SO 




97 ; 






1200 


*d 01 




98 






600 


E5 02 










300 


C? 05 




100 : 












101 , 

102 ; 3257 E 


:quates 








0SRb 


103 • 

104 M0DE57 


EOU 


0A8H 




=8257 NODE PORT 


00R0 


195 CHOADR 


EQU 


0AOH 




iCm (RK> ADR REGISTER 


yyni 


106 CH8TC 


EQU 


0A1H 




:CH0 TERMINAL COUNT REGISTER 


0OA2 


107 CH1ADR 


EQU 


0A2H 




; CHI (TX) ADR REGISTER 


08A3 


ififc CH1TC 


EQU 


0H3A 




;CH1 TERMINAL COUNT REGISTER 


0OA8 


109 STAT57 


EQU 


0A8H 




; STATUS REGISTER 


3200 


110 RXBUF 


EQU 


820OH 




; RX BUFFER START ADDRESS 


8O80 


111 pE'jf 


EQU 


8000H 




TX BUFFER START ADDRESS 


0062 


112 mm 


EQU 


62K 




■ DISABLE RX DMA CHANNEL.. TX STILL ON 


41FF 


113 RXTC 


EQU 


41FFK 




.. TERMINAL COUNT AND MODE FOR RX CHANNEL 


0663 


114 ENDMA 


EQU 


63H 




.: ENABLE BOTH TX AND RX CHANNELS-EXT. WR.. 


0861 


115 DTPMA 


EQU 


61H 




; DISABLE TX DMA CHANNEL, EX STILL ON 


81FF 


lie t i 


EQU 


S1FFK 




TERMINAL COUNT AND MODE FOR TX CHANNEL 




117 ; 













118 .; 8251A EQUATES 








119 ■ 








0989 


126 INTL51 


EQU 


89H 


■ CONTROL WORD REGISTER 


6089 


121 STRT51 


EQIj 


89H 


• STATUS REGISTER 


0088 


122 TXD51 


EQU 


88H 


,; TX GATH REGISTER 


8088 


122 RXD51 


EQU 


SSH 


; RX DATA REGISTER 


80CE 


124 NDE51 


EQU 


8CEH 


nUL't IbA.-i olUP, NJ r MK 1 1 t 


0027 


125 CMD51 


EQU 


27H 


- PilMMuhin CUQOI L~ T'v'L'C'V 

.« LLffinNU.- tNnpLt l.\*Kft 


0002 


126 RDY 


EQU 


02H 


/ RsRDV 61 1 




128 .■ MONITOR SUBROUTINE EQUATES 






129 ■■ 








061F 


138 GETCH 


EQIJ 


Ofclrn 


• GET Ofl FROM KEYBOARD, ASCII IN CH 


05F8 


121 ECHO 


EQIJ 




, ECHO CHR TO DISPLflV 


875E 


132 VhLDG 


EQU 




, CHECK I F VBLID DIBIT, CAREY SET I F VHLID 


95BB 


132 CNVBN 


EQU 


t'DDDh 


.CONVERTS ASCII TO HEX 


05EB 


134 CRLF 


EQU 




, DISPLAY CR HENCE LF TOO 


06C7 


135 NHOUT 


EQU 


Q>zr~?u 


.•Convert byte to 2 ascii q-r and display 




1 1 u . 

137 jMISC EQUATES 






20C0 


129 STKSRT 


EQU 




;bTAlk bTRRT 


0002 


140 CNTLC 


EQU 


O^n 




0008 


141 MONTOR 


EQU 




•MONITOR 


2900 


1 42 CMDBUF 


EQU 




,■ 3TnKT OF lOMMflND BUFFER 


2020 


142 CHDEFi 


EQU 


2020H 


POLL MUDE SPECIAL TX UJMMHND BUFFER 


080D 


144 CR 


EQU 


0DH 


ASCII CR 


000A 


145 LF 


EQU 


OAK 


; ASCII LF 


20D4 


146 RST75 


EQU 


20D4H 


• RST7. 5 JUMP ADDRESS 


20CE 


147 RST65 


EQU 


20CEH 


• RiTb. JUMP fit'DRtSb 


2010 


148 Lt'flC'R 


EQU 


2010H 


.■REaULi BUFFER LORD POINTER bTORHUE 


2013 


149 CNfiDR 


EQU 


2013H 


.■RESULT BUFFER UOfbULE POINT tR STORAGE 


2808 


158 RESBUF 


EQU 


2800H 


iREbULT BUFFER START - £ '55 BYTES 


0032 


151 SNRHP 


EQIJ 


93K 


> SNRM-F CONTROL CODE 


0011 


152 RR0P 


EQU 


11H 


,R.R(0)-P CONTROL CODE 


0072 


152 NSflF 


EQU 


72A 


;NSfl-F control CODE 


0011 


154 RR6F 


EQU 


11H 


;RR(0>-F CONTROL CODE 


2015 


155 F'RMF'T 


EQU 


2015H 


;PRMPT STORAGE 


2916 


156 POL IH 


EQU 


2916K 


.. POLL MCDE SELECTION INDICATOE 


2027 


157 DEMODE 


EQU 


2027H 


; DEMO MODE INDICATOR 



161 
162 
163 
164 
165 
166 
167 
168 
169 
179 
171 
172 
173 

IFF 
179 
188 
181 
132 



• RAM STORAGE GEFINITIONS: 

LOC DEF 

■ 2O00-200F COMMAND BUFFER 

201*3-2011 RESULT BUFFER LOAD POINTER 

2017-2014 RESULT BUFFER CONSOLE POINTER 

; 2015 PROMPT CHARACTER STORAGE 

; 2016 POLL MODE INDICATOR 

201? BAUD RATE LSB FOR SELF-TEST 

201ft BAUD RATE MSB FOR SELF-TEST 

2819 SPARE 

2020-2326 RESPONSE COMMAND BUFFER FOR POLL MODE 

2806-28FF RESULT BUFFER 



31 



184 ; PROGRAM START 
135 , 

186 • INITIALIZE 8253, 3257.. 3251A, AND RESET 3272. 

187 iflLSO SET NORMAL MODE.- AND PRINT SIGNON MESSAGE 

188 / 



0399 


1S9 


ORG 


S00H 






199 








9809 31C929 


131 START. 


LXI 


SP.- STKSRT 


/INITIALIZE JP 


9893 3E36 


192 


MVI 


A. MIX-NTS 


; 3253 MODE SET 


9895 D39B 




OUT 


M0DE53 


/8252 MODE PORT 


9897 3A1729 


194 


LOA 


LKBR1 


, GET 8273 BAUD RATE LSB 


989A D39C 


195 


OUT 


CNT953 


, USING COUNTER 9 AS BAUD RATE M N 


980C 3A1329 


196 


LDA 


LKBR2 


.,-FT *'M 6UAD RATE MSB 


980F D39C 


197 


OUT 


CNT953 


! COUNTER 9 


9811 CD1A0B 


198 


CALL 


PXDMA 


/ INITIALIZE 8257 RX DMA CHANNEL 


9814 CD250E: 


199 


CALL 


TXDMA 


, INITIALIZE 8257 TX DMA CHANNEL 


9817 3E91 




MVI 


A, 01H 


/ OUTPUT 1 FOLLOt-IED BY A 9 


9319 D392 




OUT 


TEST73 


, TO TEST MODE REGISTER 


081B 3E90 


202 


MVI 


A, 99H 


; TO RESET THE 8273 


0S1D D392 


Qyp 


OUT 


TEST73 




081F 3E2D 


294 


MVI 


A, 


, NORMAL MODE PROMPT CHR 


9821 321529 


205 


STY 


PRMPT 


> PUT 1 N STORAGE 


9824 3E99 


296 


MVI 


A BQH 


, TX POLL RESPONSE INDICATOR 


t'bib JfilbiO 


297 


STft 


POLIN 


S MEANS NO SPECIAL TX 


9829 322729 


298 


STB 


DEMODE 


; CLEAR DEMO MODE 


082C 21A30C 


212 


LXI 


H, SIGNON 


/ SIGNON MESSAGE ADR 


082F CD920C 


213 


CALL 


TYMSG 


;0I5PLflY SIGNON 




214 .. 










215 ; MONITOR. USES 


JUMPS IN RAM TO DIRECT INTERRUPTS 


0332 21D429 


217 


LXI 


H, RST75 


.: RST7. 5 JUMP LOCATION USED BY MONITOR 


9835 91000C 


218 


LXI 


B.. RXI 


/ ADDRESS CF EC INT ROUTINE 


9838 36C3 


219 


MVI 


M.. 9C3H 


; LOAD IMP OPCODE 


983R 23 




IHX 


H 


/ INC POINTER 


983B 71 


221 


MOV 


MC 


■ LOAD RXI LSB 


983C 23 


222 


IMX 


H 


; IHC POINTER 


983D 79 


lii 


MOV 


M..8 


, LOAD RXI MSB 


983E 21CE29 


224 


LXI 


H, RST65 


/RST6. 5 JUMP LOI'RTION USEG BY MONITOR 


9841 01CE0C 




LXI 


B, TXI 


/ ADDRESS OF TX INT ROUTINE 


9844 36C3 




MVI 


N,0C3H 


- LOAD '' IMP - OPCODE 


9346 23 


ii7 


INX 


H 


.. INC POINTER 


QQJ7 7-1 
t'CT ( ( 1 


228 


MOV 1 


M..C 


/LOAD TXI LSB 


9843 23 




INK 


H 


; INC POINTER 


9849 79 


239 


MOV 


M, B 


. LOAD TXI MSB 


984A 3E13 




MVI 


A, 13H 


. GET SET TO RESET INTERRUPTS 


984C 30 




SIM 




; RESET INTERRUPTS 


034D FE 


i- j-i- 


El 




.ENABLE INTERRUPTS 




235 , INITIALIZE BUFFER POINTER 

236 ■ 




984E 219028 


23* 


LXI 


H,RESBUF 


/SET RESULT BUFFER POINTERS 


0851 221320 


e« 


SHLC> 


CNADR 


; RESULT CONSOLE POINTER 


0354 221920 


249 


SHLD 


LDflDR 


/RESULT LOAD POINTER 



241 > 

242 / MAIN PROGRAM LOOP " CHECKS FOR CHANGE IN RESULT POINTERS.. USART STATUS, 

243 ; OR POLL STATUS 



32 



244 



9857 CDEB05 


4 5 CHDREC ; 


CALL 


CRLF 


jDISPLBV CR 


985fi 3H1526 


246 


LDfl 


PRHPT 


..GET CURRENT PROMPT CHR 


885D 4F 


247 


MOV 


C,R 


, MOVE TO C 


6S5E CCf 805 


248 


CALL 


ECHO 


; DISPLAY IT 


0961 2A1229 


249 LOOPIT: 


LHLD 


CNADR 


; GET CONSOLE POINTER 


0864 7D 


250 


nov 


R..L 


;SAVE POINTER LSB 


0865 2A1O20 


251 


LHLD 


LPADR 


;GET LOAD POINTER 


0868 BD 


252 


CMP 


L 


.: SAME LS6? 


0869 C2390H 




JNZ 


DISPV 


,NO, RESULT5 NEEG DISPLAYING 


836C DBS9 


259 


IM 


STAT51 


.. YES, CHECK KEYBOARD 




1 i . 


ANT 

nil A 


r.u t 


.CHR RFCFIVFrP 


0870 C27D98 


261 


JNZ 


GETCMD 


; MUST BE CHR SO GO GET IT 


0873 3A1620 


262 


LDA 


POL IN 


.■GET POLL MODE STATUS 


9876 H7 


263 


ANA 


ft 


; IS IT 6? 


0877 C24C89 


264 


JNZ 


TXPOL 


.. NO, THEN POLL OCCURRED 


087A 036108 


265 
266 f 


JMP 


LOOPIT 


; YES, TRY AGAIN 




267 ; 









268 , COMMAND RECOGNIZER ROUTINE 
26? ; 
270 ; 



087D CP1F96 


271 E TCMC'; 


CALL 


GETCH 


;GET CHR 


0880 CDF805 


272 


CALL 


ECHO 


,ECHG IT 


0883 79 




NOV 


ac 


/SETUP FOR COMPARE 


08S4 FE52 


274 


CPI 


"R" 


;R? 


0886 CfiflFOS 


275 


JZ 


RDWN 


, GET MORE 


0889 FE53 


276 


CPI 


'S'' 


:■$? 


088B CRD 70S 


277 


JZ 


SOWN 


> GET MORE 


083E FE47 


278 


CPI 


•Q'' 


.: G? 




279 


JZ 


GDWN 


/GET MORE 


3393 FE54 


280 


CPI 


T 


,T? 


0895 CAOE09 


281 


JZ 


TWIN 


GET BORE 


0898 FE41 


282 


1 


H 


,A? 


089A CA2299 




JZ 


ADWN 


■GET HOPE 


089D FE5R 


584 


'-I 


f Z f 




889F CA3109 




JZ 


CMODE 


YES, GO CHANCE MODE 


08R2 FE63 


290 


CPI 


CNTLC 


/CNTL-C? 


08A4 CA0809 


291 




MONTOR 


.■EXIT TO MONITOR 


0SA7 9E3F 


292 "LlEG; 


HVI 


C, " 


.-PRINT ? 


08A9 CCf 805 


.19-!; 


CALL 


ECHO 


:DISPLAY IT 


98flC C25708 


294 
295 


JHP 


CHDREC 


;LOOP FOR COMMAND 


08AF CD1F06 


296 ROM : 


CALL 


GETCH 


; GET NEXT CHR 


08B2 CDF805 


2?7 


CALL 


ECHO 


,ECHO IT 


08B5 79 


298 


MOV 


A,C 


.; SETUP R3R COMPARE 


0866 FE4F 


299 


CPI 


■'iY 


= 0? 


08B8 CA5D09 


208 


JZ 


ROCHD 


;RO COMMAND 


08BB FE53 




CPI 


' b" 


., S? 


08BD CR6709 


202 


JZ 


RSCMD 


; RS COMMAND 


98CO FE44 


303 


CPI 


D 


iD? 


08C2 CR7109 


i$4 


JZ 


RDCMD 


;RD COMMAND 


08C5 FE59 


365 


CPI 




3 P ? 


08C7 CAD809 


1% 


JZ 


mm 


; RP COMMAND 


08CA FE52 




1 


"R"' 


; R? 


83CC- CA0008 


398 


JZ 


START 


; START OVER 


88CF FE42 




CPI 


B' 


,6? 


■mi CR7B09 


310 


JZ 


RBCHD 


..RB COMMAND 



33 



88D4 C3A703 


311 


JMP 


ILLEG 


, ILLEQflL TRY AGAIN 




312 








98D7 cdifb* 


313 SDHN: 


CALL 


GETCH 


;GET NEXT CHR 


mm CDF895 


314 


CALL 


ECHO 


,ECHO IT 


em 78 


315 


MOV 


R,B 


; SETUP FOR COMPARE 


98DE FE4F 


316 


CPI 


-o-" 


;0? 


98E6 CRR609 


317 


JZ 


SOCMD 


;S0 COMMAND 


08E3 FE52 


318 


CPI 


r .•- 


.• s •, 


08E5 CAB0B9 


31? 


JZ 


SSCND 


;.SS COMMAND 


88E8 FE52 


220 


CPI 


"R" 


,W 


08ER CR6A89 


321 


JZ 


SRC* 


,SR COMMAND 

;P? 


88ED FE58 


322 


CPI 


, p , 


98EF CAE289 


323 


JZ 


SPCMO 


;5P COMMAND 


08F2 FE42 


324 


CPI 


'B' 


.B? 






T7 


SBCMD 


;SB rfiMMRND 


08F7 FE4C 


226 


CPI 


V 


;L? 


08F9 CR8F09 


327 


JZ 




;SL COMMAND 


88FC C3R708 


329 


JHP 


ILLEG 


.; ILLEGAL TRY AGAIN 


08FF CD1F06 


329 

33S GOWN: 


CALL 


GETCH 


;GET NEXT CHR 


9902 CDF805 


331 


CALL 


ECHO 


ECHO IT 






MOV 


fi, B 


■ ecu ip pop rnhicucc 
,' ot I Ur run UJI Irnfct 


0906 FE52 




CPI 


/ R"' 


;R? 


0908 CAC409 


334 


JZ 


GRCMD 


;GR COMMAND 


0996 C3A7G8 


335 

■>■>■" 


JHP 


ILLEG 


i ILLEGAL, TRY AGAIN 


098E CD1F06 


337 TDHN: 


CALL 


GETCH 


;6ET NEXT CHR 


8911 CDFS05 


338 


CALL 


ECHO 


;ECHO IT 


0914 78 


2<H 


NOV 


fl,B 


; SETUP FOR COMPARE 


9915 FE46 


349 


CPI 




>F? 


0917 CAECB9 


341 


JZ 


TFCMD 


;TF COMMRND 


09ifl FE4C 


342 


CPI 


V 


:L? 


991C CR9999 


342 


JZ 


TLCMD 


;TL COMMRND 


891F C3R798 


344 


JHP 


ILLEG 


i ILLEGAL! TRY AGAIN 




345 








0922 CD1F06 


346 ADWN . 


CALL 


GETCH 


;GET NEXT CHR 


0925 CDF805 


347 


CALL 


ECHO • 


; ECHO 1 T 


qq-jp 70 




nuv 


a p 




0929 FE46 


34? 


CPI 


"F" 


;F? 


0926 CRCE99 


3517 


JZ 


AFCMD 


;AF COMMAND 


092E C3R708 


351 

">c--» - 


JMP 


ILLEG 


; ILLEGAL- TRY AGAIN 




353 ; RESET POLL NODE RESPONSE - 


CHANGE PROMPT CHR RS INI 




354 ; 








9931 F3 


355 CMQOE. 


[>I 




?■ DISABLE INTERRUPT5 


8932 301526 


356 


LOfl 


PRMPT 


;GET CURRENT PROMPT 


0935 FE2D 


357 


CPI 


/ >f _.-- 


i NORMAL MODE? 


0937 C24309 


m 


JHZ 


SW 


;H0, CHANGE IT 


093R 3E2B 


359 


MVI 


fl, '+■■ 


..m PROMPT 


093C 321526 


2ki) 


STR 


FRNPT 


j STORE NEW PROMPT 


093F FB 


265 


EI 




; ENABLE INTERRUPTS 


8940 C35708 


36b 


JHP 


CHDREC 


; RETURN TO LOOP 


0943 3E2D 


267 SW: 


MVI 


fi, - -' 


;NEW PROMPT CHR 


0945 321529 


368 


STft 


PRMPT 


.STORE IT 


0948 FB 


ib9 


El 




! ENABLE INTERRUPTS 


0949 C35708 


370 


JMP 


CMDREC 


.; RETURN TO LOOP 



371 ; 

372 .; 
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994C 3E90 
994E 321629 
9951 216198 

9954 E5 

9955 9694 
9957 212929 
995fl C3FF0A 



995D 0601 
095F 9E51 
9961 CDE50A 
9964 C35708 



9967 0691 
0969 9E60 
996B CDE5BA 
096E C35708 



9971 0690 
9973 9EC5 
9975 CDE50A 
9978 C35798 



997B 0691 
997D 8E64 
097F CDE58A 
9982 C35788 



9985 0691 
9987 0ER4 
9989 CDE59A 
998C C35798 



098F 9604 
9991 9EC2 
9993 CDE56A 
9996 C35708 



373 
374 

382 
3S4 

386 
387 

388 
2S9 

399 
391 
392 
392 
394 
395 
3% 
337 

398 
339 
468 
481 
492 
403 
484 
485 
496 
407 
498 
499 
418 
411 
412 
413 
414 
415 
416 
417 
418 
419 
429 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
431 
434 
435 
436 
437 
438 



TRANSMIT ANSWER TO POLL SETUP 



TXPOL: MVI 
STR 
LXI 
PUSH 

MVI 
LXI 
JMP 



A, 00H 
POLIN 

H, LOOPIT 
H 

B, 84H 
H,CMD6F1 
COM2 



, CLEAR POLL INDICATOR 
; INDICATOR ADR 

; SETUP STACK FOR COMMAND OUTPUT 
.. PUT RETURN TO CMDREC CM STACK 
;GET # OF PARAMETERS READY 
i POINT TO SPECIAL BUFFER 
; JUMP TO COMMAND OUTPUTER 



; COMMAND IMPLEMENTING ROUTINES 



;RO - RESET OPERATING NODE 



ROCMD: MVI 
NVI 
CALL 
JMP 



B,01H 
C: 51H 
COMM 
CMDREC 



; # OF PARAMETERS 
• COMMAND 

;GET PARAMETERS AND ISSUE COMMAND 
,;GET NEXT COMMAND 



,RS - RESET SERIAL 1/11 MODE COMMAND 



RSCMD: MVI 
MVI 
CALL 
JMP 



B. . 81H 

C, 60H 
COMM 
CMDREC 



■RD - RECEIVER DISABLE COMMAND 



RDCMD: MVI 
MVI 
CALL 
JMP 



B, 99H 

C. .0C5H 
COMM 
CMDREC 



,# OF PARAMETERS 
; COMMAND 

;GET PARAMETERS AND ISSUE COMMAND 
;GET NEXT COMMAND 



; # OF PARAMETERS 
COMMAND 
; ISSUE COMMAND 
;GET NEXT COMMAND 



j RB - RESET ONE BIT DELAY COMMAND 



RBCMD: MVI 
MVI 
CALL 
JMP 



B. .91H 

C, i4H 
COMM 
CMDREC 



;# OF PARAMETERS 
■ COMMAND 

.■ GET PARAMETER AND ISSUE COMMAND 
.GET NEXT COMMAND 



=SB - SET ONE BIT DELAY COMMAND 



SBCMD: MVI 
MVI 
CALL 
JMP 



B. . 91H 

C. .0A4H 
COMM 

CMDREC 



;t OF PARAMETERS 
• COMMAND 

;GET PARAMETER AND ISSUE COMMAND 
> GET NEXT COMMAND 



; SL - SELECTIVE LOOP RECEIVE COMMAND 



j 

SLCMG: MVI 
MVI 
CALL 
JMP 



B, 04H 

C, 9C2H 
COMM 
CMDREC 



;# OF PARAMETERES 
; COMMAND 

;GET PARAMETERS AND ISSUE COMMAND 
;GET NEXT COMMAND 



i TL - TRANSMIT LOOP COMMAND 



35 



439 , 



9999 210020 


448 TLCMO : 


LXI 


H..CMDBUF 


;SET COMMAND BUFFER POINTER 


099C 0602 


441 


MVI 


B.. 02H 


; LOAD PARAMETER CWHTER 


099E 36CA 


442 


MVI 


M, 0CAH 


,; LOAD COMMAND INTO BUFFER 


09A0 210220 


443 


LXI 


H.. CNDBUF+2 


i POINT AT ADR AND CNTL POSITIONS 


09A3 C3F609 


444 


JMP 


TFCMD1 


; FINISH OFF COMMAND IN TF ROUTINE 




445 , 










446 ;50 - 


SET OPERATING MODE COMMAND 




447 .: 








09A6 0601 


44E SOCMD: 


MVI 


6, 01H 


OF PARAMETERS 


09A8 8E91 


449 


MVI 


C91H 


; COMMAND 


09AA CDE50A 


450 


CALL 


COMM 


i GET PARAMETER AND ISSUE COMMAND 


09flD C35708 


451 


■JMP 


CNDREC 


, GET NEXT COMMAND 




452 ; 










453 ;SS - 


SET SERIAL I/O COMMAND 






454 .: 








09B0 9601 


455 SSCMD: 


MVI 


B.. 01H 


;# OF PARAMETERS 


09B2 0EH0 


456 


HVI 


C, 0R0H 


; COMMAND 


09B4 CDE50A 


457 


CALL 


COMM 


GET PARAMETER AND ISSUE COMMAND 


09B7 C35708 


458 


JMP 


CNDREC 


;GET NEXT COMMAND 




459 ; 










469 i SP - 


SELECTIVE RECEIVE COMMAND 






461 ; 








09BR 0604 


462 SRCMD: 


MVI 


B, 04H 


;# OF PARAMETERS 


09BC 8EC1 


463 


MVI 


C 0C1H 


; lUHMAND 


096E CDE50A 


464 


CALL 


COMM 


.; GET PARAMETERS AND ISSUE COMMAND 


09C1 C35708 


465 


JMP 


CMDREC 


■ GET NE/-.T UJMMHND 




466 ■ 










467 ;GR - 


GENERAL RECEIVE COMMAND 






468 i 








09C4 0662 


469 GRCHD: 


MVI 


B,02H 


;N3 PARAMETERS 


09C6 0EC0 


478 


MVI 


C0C0H 


.= COMMRND 


09C8 CDE50A 


471 


CALL 


COMM 


; ISSUE COMMAND 


09CB C35708 


472 


JMP 


CMDREC 


;GET ISEXT L-UMMHND 




473 ; 










474 iAF - 


RBORT FRAME COMMRND 






475 ; 








09CE 0699 


476 AFCMD 


: MVI 


B,00H 


NO PARAMETERS 


0900 8ECC 


477 


MVI 


C0CCH 


COMMAND 


0902 CDE50A 


478 


CflLL 


COMM 


- 1991 IF PflMMftNT) 


99C-5 C35708 


479 


JMP 


CMDREC 


;GET NEXT COMMAND 




480 i 

481 i RF - 


RESET PORT COMMAND 




0908 0601 


482 , 

483 RF'CMD 


: MVI 


B, 01H 


:■# OF PARAMETERS 


09DA 0E63 


484 


MVI 


C, 63H 


j COMMAND 


09DC CDE50A 


485 


CALL 


COMM 


;GET PARAMETER AND ISSUE COMMAND 


89DF C35708 


486 


JMP 


CMDREC 


;GET NEXT COMMAND 




487 ; 










488 ,SP - 


SET PORT COMMAND 






48? , 








89E2 0601 


498 SPCMD 


: MVI 


B,01H 


;# OF PARAMETERS 


09E4 0ER2 


491 


MVI 


C, 0A3H 


; COMMAND 


09E6 CDE50A 


492 


CALL 


COMM 


; GET PARAMETER AND ISSUE COMMAND 


09E9 C35788 


493 


JMP 


CMDREC 


; GET N E COMMAND 



494 ; 

495 ;TF - TRANSMIT FRAME COMMAND 

496 ■ 



36 



09EC 210920 


497 TFCMD . 


LXI 


H..CWBUF 


; SET COMMAND BUFFER POINTER 


09EF 0602 


498 


MVr 


B..02H 


iim parameter counter 


09F1 36C8 


499 


NVI 


M..0C8H 


; LOAD COMMAND INTO BUFFER 


09F2 210220 


m 


LXI 


H.-CMDBUF+2 


; POINT AT RDR AND CNTL POSITIONS 


09F6 78 


501 TFCHD1: 


HOV 


R,B 


, TEST PARAMETER COUNT 


99F7 A7 


502 


ana 


A 


.: IS IT 0? 


99F8 CAO70A 


502 


JZ 


TBUFL 


.. VES, LOW TX DATA BWFER 


09FB CDAD0A 


504 


CALL 


FfiRIN 


;GET PHRANETER 


99FE DAA708 


585 


JC 


ILLEG 


.; ILLEGAL CHR RETURNEG 


0A91 22 


596 


INK 


H 


; INC COMMAND BUFFER POINTER 


0R02 05 




OCR 


B 


■ DEC PflRRMETER COUNTER 


0A93 77 


598 


MOV 


H,R 


; LOAD PARAMETER INTO COMMAND BUFFER 


9fl04 C3F609 


599 


-JMP 


TFCMD1 


GET NEXT PARAMETER 


9ft07 219080 


518 

511 TBUFL : 


LXI 


H, TXE'UF 


LOAD TX DATA BUFFER POINTER 


0R0fl 010006 


512 


LXI 


B, 0000H 


; CLEAR EC - BYTE COUNTER 


9A0D C5 


512 TBUFL1 : 


PUSH 


B 


; SAVE BVTE COUNTER 


0R9E CDAD9A 


514 


CRLL 


PAR IN 


GET DATA.. ALIAS PARAMETER 


9R11 DfllBBR 


515 


JC 


ENDCHK 


■> MAVBE END 1 F ILLEGAL 


0R14 77 


516 


MOV 


H,R 


; LOAD DATA BVTE INTO B'JFFER 


0R15 22 


517 


IHX 


H 


; INC BUFFER POINTER 


9H1S CI 


518 


POP 


B 


} RESTORE BYTE COUNTER 


0A17 03 


519 


INX 


E 


; INC BYTE COUNTER 


0R18 C30D0R 


528 


JflP 


TBUFL1 


; GET NEXT DATA 


tffilB FE0D 


521 ENDCHK: 


CPI 


CR 


.; RETURNED ILLEGAL CUR CR? 


0R1D CR246A 


522 


JZ 


TBUFFL 


; VES, THEN TX BUFFER FULL 


0R20 CI 


523 


FOP 


B 


, RESTORE B TO SAVE STACK 


0R21 C3R708 


524 


JMP 


ILLEG 


ILLEGRL CHR 


0R24 CI 


525 TEUFFL: 


PDF' 


6 


/ RESTORE BYTE COUNTER 


0R25 210129 


526 


LXI 


H, CMDBUF+1 


; POINT INTO COMMAND BUFFER 


9R28 71 


527 


MOV 


fcC 


; STORE BYTE COUNT LSB 


8R29 23 


528 


INK 


H 


> IMC POINI LH 


9A2R 70 


S23 


HOV 


11.- B 


i STORE BYTE COUNT HSB 


0R2B 0694 


539 


HVI 


B, 84H 


; LOAD PARAMETER COUNT INTO B 


0H2D 21369A 


531 


LXI 


H.. TFRET 


;GET RETURN ADR FOR THIS ROUTINE 


9R30 C5 




PUSH 


B 


: PUSH OMCE 


9A21 E3 


532 


XTHL 




; PUT RETURN ON STACK 


0R32 C5 


524 


PUSH 


B 


j PUSH IT 93 CMDOUT CAN USE IT 


0R33 C2FB9R 


535 


JMP 


CMDOUT 


i ISSUE COMMAND 


0R3b C25798 


526 TFEET: 


JMP 


MDREC 


;GET NEXT COMMAND 



537 ; 
538 

539 > ROUTINE TO DISPLAY RESULT IN RESULT BUFFER WrEN LOAD AND CONSOLE 
549 ; POINTERS ARE DIFFERENT. 

541 , 

542 ; 



9A-<9 1605 


542 DISPV: 


HVI 


D,05H 


/D IS RESULT 00UN1ER 


0H3B 2R1220 


534 


LHLD 


CNflDR 


; GET CCMSaE POINTER 


0R3E E5 


545 


PUSH 


H 


iSflVE IT 


0R3F 7E 


546 


MOV 


A,tt 


; GET RESULT IC 


3A4A E61F 


547 


AN I 


IFH 


; LIMIT TO RESULT CODE 


0A42 FE9C 


548 


CPI 


OCH 


TEST I F RX CR TX SOURCE 


9A44 DH620A 


549 


JC 


RXSORC 


; CARRV.. THEN RX SOURCE 


9A47 21C30C 


550 TXSORC; 


LXI 


H, TXRtSG 


; TX INT MESSAGE 


0R4R CD929C 


551 


CALL 


TVMSQ 


iDISPLflV r 


9R4D El 


552 DISPV2: 


POP 


H 


, RESTORE CONSOLE POINTER 


0A4E 7E 


553 DISPVl: 


MOV 


A'H 


;GET RESULT 


0A^F r:Dr70h 


554 


CALL 


NHOUT 


i CONVERT AND DISPLAV 



37 





000 


mi ( r 

PIS- 1 


t ' ' 


- CD PUD 






cm i 


pn_n 


• TirCPI QV 1 T 


flfl^? or 


j j / 


INR 


i 

L 




tfnOo ID 


ceo 
000 


L'CK 


L' 


.■L*bL Kti-ULI LOOnltK 








L' 1 jr T J. 








SHLD 


CNflDR 


, UPDATE CONSOLE POINTER 

/ ul 1— I I 1 ^ UUL^ 1 \J 111 1 1 1 I 






TMP 


fMTlPPP 


• PFTIIPW Til 1 H\M 














562 :■ 










564 RECEIVER SOURCE - DISPLAY RESULTS FIND RECEVIE BUFFER CONTENTS 




err 
i»J J 










000 .' 










jb< KwUKl. 


La I 


H,RftIMSb 


- DV IMT MC~CQPC Of\D 

.•K/ 1 . INI Hb^bnljt HL>K 


fifths rnQ2flr 


■jot- 




1 YllilJ 




ftfl£Q Pi 
tmoo ci 




PTP 
rur 


u 
n 


: RFQTDRF rnNCfif F POIMTFR 
ntZOIUntl LL*n3ULC rUIlN 1 tin 


CirthQ 7P 


0/0 W51. 


mow 


fi M 

n.» n 


- DCTDip\/p DCCI II T CQfltA D| ICCCD 

nt 1 nltZV t ntoULI rKLH DUrrtZn 




1 


PAI 1 


NHfll IT 
m luv I 


r/M/FRT IN) KPi flV 1 T 






Ml.'T 
nvi 






*?nt'r Lvroy-J 


573 


CfiLL 


ECW3 


; DISPLflV IT 


t'nri it 


574 


INR 

llin 




; INT riTNKfll F POINTFR 


CTlf J- 10 


575 






iDEr RESULT HTUNTFR 


007d 70 




MOV 


fl.-D 


;GET SET 10 TEST COUNTER 


flfl/S FFfi.2 
*3nf ■_' rCtrt 




hpi 

or i 




; 1 c jup pcci II T pa? 


wni i vnntt'n 


578 


■IE 


R0PT 


VES, GO SAVE 1 T 


cupfi FPfl? 
vrii n rcc*- 


■J I ? 


or i 




; 1 c Tup Drgu t Dt-y 


t?n< trtrii tin 


5fift 


17 


R1 PT 


; VFS. (Hi Wv'F 1 T 


Ou7r u? 
oni r fu 




PNA 


A 
r\ 


TF9T RF9I II T HI IMTFR 




58? 


JNZ 


RXS1 


; NOT DONE YET, GET NEXT RESULT 


•I'nOJ:- it -l~j-c.il 1 






TNATiP 


;DnNF. IIPf'flTF mW c J"ll F POINTFR 




v'VT 


tali 








nr..j 




H PYPIIF 


POIMT FIT P\ RIIPFFP 






PltP 


D 
D 


-RFTRIFVF RFPFI\/Fn mi IMT 
f nt 1 nltZV t ntzOtZlvtzU OUUINI 




RXSS: 


MOV 


ft..B 


; 1 S COUNT O? 


t'nc'C DA 


588 


ORft 


C 




onor l n r 




•JZ 




• yrc (Tl Dun-' ¥^ 1 flfiP 


ftA9"' 7F 




nuv 


n,- rt 


flu.' oc I L*ni\ 




oy i 


"Lon 





j jnvL DL- 


8fl54 CDC786 






UHCll IT 


; fflNVFRT lW< DISPI AY f'HP 


Drl- 7 ! 1' u ^. r J 


593 


m 


r:-; ••' ••' 




iTfjjQQ fTiF'-'ifS 
*Jn?? K-Vr ■_»£'■-) 




PAI 1 


bUrU 


- niCDI AV IT TH CC&QDQTC ridTQ 

.• UlorLAY 1 1 IU itrnKHIt Urlln 




j H.j 


PflP 


p 
t 


PFCTDPF pr 


t?n~L- I'D 




firv 


c 




• rvrr rm jut 


9fl9E 23 


J7i 




u 
n 


- IMP POINTFR 
,' ino ruiN i cn 


8ft9F C28P0fl 




TMP 

,M Ir 


PK? 


i GET NEXT CH(? 


wind *tC 


J?" 

688 R9PT. 


MOV 


c, « 


;GET RO FOR RESULT BUFFER 


r c , 


601 


PUSH 


e 


; SAVE IT 






JMP 


RXK 


; RETURN 












onHf L-l 


604 R1PT: 


POP 


B 


;GET RO 


flODO AC 


6£<5 


MOV 


B,H 


;GET Rl FOR RESULT BUFFER 




6tf6 


PUSH 


8 


; SAVE IT 


t'nnn lo i r t'n 


697 


JMP 


RXS2 






608 / 










609 i 










610 , 









611 iPflRflHETER INPUT - PARAMETER RETURNED IN E REGISTER 

612 ; 



38 



612 , 



0nHL> 15 


614 PHKIN; 


PUSH 


B 


> SAVE BC 


tfnHE 1 bo 1 


615 


Ml IT 


0.- 01K 


.■ SET CHR COUNTER 




PHP 

616 


LHLL 


tit 1 LH 


; IjET lHR 




7 


PAI 1 
OnLL 


llhij 


i ECHO IT 


onDiT 7 Q 


olo 


Hill l 

MUv 




. Dl IT ruD 1 M £i 

.. h Ul lHR 1 N H 


vnbf rt^o 


hi? 






; orr 




o^y 


TU7 


DCiD T KJ-t 

rnKlNl 


. UTl II 1 CPAI TDV Qi^DTU 
.• NU- ILLtoAL, IHY nijrllH 


floor 1 iT-i.i cri^r 


0^1 rhiklrb. 


PAI 1 


btlUH 


;QET OR Or PRRAMETER 


bAbr LLtoUj 




lull 




■ BJHO 1 T 




coo 


LULL 


VALD6 


■ TC IT A VAI IH PLIIOO 

; lb 1 1 A YALIL) OHIrr 


WU' DiE80R 


624 


JMC 


PHRIN1 


. Ilfl TTft/ AO AIM 

; NO. TRY AGAIN 


9HL.8 IDBB65 


625 


CALL 


CHVBN 


iLONVERT IT TO HEX 


(jHLd 4r 




nuv 


r a 

L.- A 


. OA\/r it i m r 1 

; bAVE IT 1 N L 








Pi 


apt n n rv^i in rrm 

>GET CHR COUIMTER 


0RCD A7 


628 


HMft 


A 


1 S IT ? 


tJHLE CADCOh 


629 


JZ 


PARIN2 


;VEb.. DONE WITH THIS PARAMETEF 


yflC'i 15 


bis 


LUi 


r, 


■DEL CHR COUNTER 


yflPi hf 


631 


YPA 
Am 


A 
A 


; CLEAR CARRY 






uriU 

nuv 


A r- 

A C 


jRtCOvER l^T CHE 


OnUT li 


iT77 


DAI 
HAL 




jKUIAlb Lbr 1 4 rLHL-t^ 


onl'j if 




RAL 






dAUd 1 / 


boo 


DAI 
HAL 








bob 


KHL 








iT7~T 


MOV 
hut 


r q 
n 


- "ill. If IT 1 M C 

.■ jRvE 1 T 1 N E 


vnl)7 I ob'-t'n 


b-b 


IMP 

■Jl lr 


P00IW7 


. rrr k ifvt in 

.■GET NEXT CHR 


yrux, /y 


£T~-Q DDT' Til*} . 

b_s:> rnr.lNii. 


MUv 


flj L 


. -Tkir. run i m a 


rtQTiPi D"? 
WHW D < 


b4e 


HDD 


r 
t 


. r i nMn T iir* ni"iTi i m ino 

fLOMBiNE BOTH CHRS 


BAUt Ll 


b4l 


njr 


r> 
D 


J HtblUHt DL 


t'nl'r L? 


b4ii 


DCT 

Hbl 




.■ RETURN TO GALLING FnJjRAM 


aQCiS 7Q 

Onto lo 


b4o rHKJNl. 




n,. L 


■ DNT II 1 CPAI rUE IM A 

.■ ru 1 ILLtGAL Uit IN A 


0RE1 37 


644 


STC 




; SET CARRY AS ILLEGAL STATUS 


9AE2 CI 


645 


POP 


e 


; RESTORE BC 




646 


RET 




■ dctiicm tt\ roi i T*.ir ddhpddm 
.■Kb MIEN IU LHLLlNb rKUUKHn 




647 ; 










648 .: 










649 ; JUMP HERE 1 F BUFFER FULL 




Qflrji r-r 

tJnt4 l> 


V ,' 

651 EUFFUL: 


DB 


0CFH 


EXIT TO MONITOR 




652 ; 










652 ; 










654 COMMAND DISPRTCHER 

^ce- _ 






656 • 








Ivl 1 dlvAd" 


657 COMM: 


LXI 


R.CMDBUF 


; bbl POINTER 




658 


PUSH 


R 


.• oRvE BL 


Oftcq 7f 


659 


MCr 


HC 


- 1 nun rfihiMDMPi tkiTri di icccd 
.■LUHL) LUPiPlMNy 1NIU burrtH 


UnLn / 


669 COMM.: 


NOV 


A..B 


■ PUETV DDDuMCTCD PHI IKrTTD 

.■ UntLA rnknllt 1 tK UUUI\ 1 tH 


onLD n/ 


661 


flNfl 


A 


- TC TT &~> 


flftFP PAFPflA 
vnt^ L-nr t'«n 


662 




CHDOUT 


.■ iti>/ bo l^yJt LijftnflNu 


flftFF iTiHfirtA 
t'nLr WL'nVCn 


662 


CALL 


PHRIN 


• PCT POncwrrrn 

■ Gel FHr.rfltitR 


OAF? Piflfl7flft 

Unit unn ( t'o- 


664 


JC 


ILLEG 


-Til cr-iji run dcti idmch 
,■ ILLtljAL LnK HtlUHNtU 




665 


I NX 


H 


■ lUP CI ICCCD DTIIMTCD 

.■ IHG tUrrtH rUIN 1 tH 


0AF6 65 


666 


DCR 


6 


• DEC PARAMETER COUNTER 


0AF7 77 


667 


MOV 


n, a 


; PflRflHETER TO BUFFER 


9AF8 C3EA0A 


668 


JHP 


COMMi 


• GET NEXT PARAMETER 


0HFB 210629 


663 CMC'OUT: 


LXI 


H,CMDBUF 


;REPOINT POINTER 


0AFE CI 


670 


FOP 


B 


RESTORE PARAMETER COUNT 



39 



0AFF DB90 


671 CQMM2: 


IN 


STAT73 


; READ 8273 STATUS 


0B81 07 


672 


RLC 




ROTATE CBSY INTO CARRY 


0B92 DAFF8A 


673 


JC 


C0HH2 


:#H IT FOR OK 


0B05 7E 


674 


MOV 


A M 


;0K, MOVE COMMAND INTO A 


0B86 0396 


675 


OUT 


C0MM73 


; OUTPUT COMMAND 


0B08 78 


676 PARI: 


MCC 


A B 


;GET PARAMETER COUNT 


0B89 A7 


677 


ANA 


A 


is r e? 


0B0A C8 


678 


RZ 




A'ES, DONE, RETURN 


0B9B 23 


673 


INX 


H 


i INC COMMAND BUFFER POINTW 


8B0C 05 


689 


DCP 


B 


; DEC PARAMETER COUNT 


0B8D DB90 


681 PAR2: 


IN 


STAT73 


;READ STATUS 


9B0F E62@ 


682 


AN I 


CPBF 


;IS CPPF BIT SET? 


0611 C28D0B 


683 


JNZ 


PAR2 


; HflIT TIL ITS 


0614 7E 


684 


MOV 


fl,M 


..OK.- GET PARAMETER FROM BUFFER 


9615 0391 


685 


OUT 


PARM73 


; OUTPUT PARAMETER 


8B17 C38806 


686 


JMP 


PARI 


GET NEXT PARAMETER 



687 } 

688 ; 

689 ; INITIALIZE AND ENABLE RX DMA CHANNEL 

630 ; 
691 > 



0B1A 3E62 


692 RXDMA: 


MVI 


A DRDMH 


> DISABLE EX DMA CHANNEL 


0B1C D3A8 


693 


OUT 


MGDE57 


8257 MODE PORT 


9B1E 819082 


694 


LXI 


B,RXBUF 


;RX BUFFER START ADDRESS 


0B21 79 


695 


MOV 


A,C 


;RX BUFFER LSB 


0622 D3A0 


696 


OUT 


CH0ADR 


i CH8 ADR PORT 


8B24 78 


697 


HOV 


flB 


; RX BUFFER MSB 


0B25 D3R0 


698 


OUT 


CH9ADR 


.: CH« ADR PORT 


0B27 01FF41 


699 


LXI 


B.-RXTC 


..RX CH TEERMINAL COUNT 


0B2A 79 


708 


MOV 


AC 


;RX TERMINAL COUNT LSP 


0B2B D3A1 


701 


OUT 


CH0TC 


;CH8 TC PORT 


0B2D 78 


782 


MOV 


A, 6 


;RX TERMINAL COUNT MSB 


8B2E D3A1 


763 


OUT 


CH9TC 


;CH0 TC PORT 


0B36 3E63 


764 


MVI 


A ENDMA 


, ENABLE DMA WORD 


8B32 D3A8 


705 


OUT 


H0DE57 


=8257 MODE PORT 


0B34 C9 


766 


RET 




/RETURN 




707 










70S ; 










769 ; INITIALIZE AND ENABLE TX 


DMA CHANNEL 




710 i 










711 i 








8B35 3E61 


712 TXDMA: 


MVI 


A..DTDMA 


.; DISABLE TX DMA CHANNEL 


0637 D3A8 


713 


OUT 


NODE57 


; 8257 MODE PWT 


8639 910080 


714 


LXI 


6* TXBUF 


; TX BUFFER START ADDRESS 


9B3C 79 


715 


MOV 


fl,C 


; TX WFFER LSB 


0620 D3A2 


716 


OUT 


CH1ADR 


iCHl ADR PORT 


0B3F 7S 


717 


MOV 


A..B 


;TX BUFFER MSB 


0B40 D3A2 


718 


OUT 


CHI ADR 


; CHI ADR PORT 


8642 81FF81 


719 TXDMA1: 


LXI 


B,TXTC 


;TX CH TERMINAL COUNT 


8B45 79 


720 


MOV 


A,C 


;TX TERMINAL COUNT LSB 


0646 D3A3 


721 


OUT 


CH1TC 


jCHI TC PORT 


8648 78 


722 


MOV 


A,B 


;TX TERMINAL COUNT MSB 


0B49 D3A3 


723 


OUT 


CH1TC 


iCHl TC PORT 


0B4B 3E63 


724 


MVI 


fl, ENDMA 


; ENABLE DMA WDRD 


0B4D 03A8 


125 


OUT 


MODE57 


;5257 MODE PORT 


8B4F C9 


726 
7<?e > 


RET 




> RETURN 




726 i 









729 ; INERRUPT PROCESSING SECTION 
739 ;■ 

v3C90 731 ORG 0C00H 

732 :■ 

733 ; 

734 RECEIVER INTERRUPT - RST 7. 5 (LOC 3CH) 





77^ 








yiyy tj 


--v" DYI • 

r^b nAI . 


Dl ICU 

rUon 


u 
n 


- CQUD UI 




"7 "7 "7 


Dl IQU 

rUon 


raw 


• COUP DC1J 


0C92 C5 


738 


fit l^Ll 

PUSH 


n 

B 


.■inVh bL 


ycyj- Do 


/29 


Dl ICU 

KUbn 


r. 
\f 


• "QUC PiC 


WLw itbi 


i 43 


MLJT 

HVI 


G TiDPiMQ 




tftob Lbno 


f 41 


fi( IT 

UU1 




- OOC7 MATiC DflDT 


MLHH it lo 


7 j 

f Hi 


11 V 1 


H/ Ion 


■ DDCCT DCT7 c r -*C 

.■ ntot 1 no 1 / .0 r/ r 




743 


SIN 








7/1 /I 
/44 


n» 1 




■ p. i c d£ci 11 t rni iutpd 
; L' 1 Ktp'JL 1 wUn 1 tK 




745 


1 ui n 
LHLU 




t 'Jt 1 LUnf rUIIN 1 tn 


to 


746 




u 
n 


CQUC I T 

; ;n¥t 1 1 




7^7 
/4/ 


Dl ICU 


u 
n 


: onvt 1 I ruaiiN 




7/1 R 


Mny 
nUv 


R 1 


CQUP I CD 

ony t lod 


y.-li inl^t-W 


7.ii"i 


1 hi n 




• f5FT mNRTll F PDIMTFR 
,-OCI OUINOULC rUIINICn 


yL-lo M4 


(50 Krfll - 


IMD 


p 
D 


Dl IMD 1 AflPf DHIMTCD 1 CD 

j Di.mr LUnf rUIIN 1 tn Lod 




-7 c 1 




D D 

H/ ts 


.■ 'jt 1 it I I U 1 to 1 


ytib bL' 


7£9 


Liir 


1 


- 1 fioTi^rnwcni 
.■ Lynv-CUfoULt ' 


ar4 o roc -iflia 
y.lr Lrltwn 


/Do 


T7 

ic 


tsurrLfl- 


• 1 'CC Rl IPPER CI 1 
, Ttji DUrrtn riJLL 


HL1L- 10 


A 

/04 


L'L-K 




/ UtXi L LHJM 1 tK 


WL-1U LilbLK- 


f J? 




DVT-1 


jNUI L'Ufltt IKY nun IN 


yLio lbtfo 


I JO 


nvi 


L'. tJJM 


.• ntot 1 tWN 1 tK 


BLdi tl 


7K7 
/O/ 


pnp 

rUr 


u 

n 


■ RCCTTlRE 1 npji POINTER 
/ntolUnt LUriy rUIINItn 






1 M 
1 IN 


CTAT77 


/ Ktrii' 2 1 n i us 


yidO tbvo 


7C.Q 

r v'7 


AWT 




■ TPQT DY IMT RIT 
.' 1 to 1 Kr> UN 1 D 1 1 




/DO 


T7 

J*. 




nntJF (Ti FIMIQH IIP 
> L'urft/ \jj r i in i o n ur 


vL en UeJv 


7R1 


1 M 
1 IN 


5 In I f i 


■WOT) ^TRTIK AfiflTU 


fcH-clL- tbt'ii 




dili r 

nnl 




. 1 C RCCI l| T PCP/iV? 

.« I o ncouL I Ktri/i • 


urOC f'Q37rif* 




ic. 




• UA TPCT QCQTU 

• r«J,' I to I nunlH 


yLoi UbJJ- 


764 


1 M 
1 IN 


DVTD77 


• L'CC DCCJTt DCCI II T 




^ b0 


1 l','v 


I I/ rl 


• QTDRF 1 M Rl IFFFR 

• oiunp i in Durrpn 


ftp 7 4 ">r 

O'jJt-T' £.1- 


( ob 


IMR 
UNn 


1 

L 


■ IMP PI IFFFR PniMTFR 
/ UNO rUrrtn rUIINItn 




rid 

i h i 


L'LK 


n 
u 


■ Tier cn mtpr 
LtL UJUIN i tn 


yi.ib L32m 


768 


Thin 

JnP 




. rn Mnnr ncoi n to 

:bET HOKE HLbULIb 


Lw.o^ rn 


7l O DV T 7 - 


riuv 


D Pi 

Hi l> 


■ fiCT CCT T\ TPCT 
.' Ijt 1 be 1 IU 1 to 1 


flP7fl fl7 

tH.on ni 


770 




a 

n 


/ PR_L Kt i'A. 1 2 r 


w.od L-n4-Jt»v 


771 
/ / I 


JZ 


RXI4 


;■ YES, SO FINISH UP 




-7".-, 

r f 


MVI 


H,80H 


> NO- LOAD 6 TIL DONE 


9C40 2C 


773 


INR 


L 


..BUMP POINTER 


9C41 15 


774 


DCR 


C' 


/DEC COUNTER 


yi^'Ti _\ ".^ 


775 


JHP 


RXI3 


QD flffllN 




77C OVTd- 


SHLD 


LDPDR 


.. UPDATE LOAD POINTER 


8C48 3A1520 


777 


LDfl 


PRMPT 


■ GET MODE INDICATOR 


8C4B FE2D 


778 


CP! 




i NORMftL MODE? 


9C4D CR859C 


779 


JZ 


RXI6 


• \ES CLEAN UP BEFORE RETURN 




789 , 










781 i 


POLL MODE SO CHECK CONTROL BYTE 




7i"i^ . 

fOt .■ 


1 F CONTROL 1 S ft POLL, 


SET UP SPECIAL TX COMMAND BUFFER 




7H? 
784 ; 


HMD RETURN WITH POLL INDICHTOR NOT 9 


El 


785 


POP 


H 


/GET PREVIOUS LOAD ADR POINTER 


9C51 7E 


786 


MOV 


fl,M 


; GET IC BYTE FROM BUFER 



41 



0C52 E61E 


787 


AN I 


1EH 


;LOOK AT GOOD FRAME BITS 


8C54 C2890C 


788 


JNZ 


RXIS 


; 1 F NOT 8, INTERRUPT WASN'T FROM A GOOD 


BC57 2C 


789 


INR 


L 


;BYPASS R0 AND Rl 1 N BUFFER 


0C58 2C 


798 


INR 


L 




0C59 2 r 


781 


INR 


L 




0C5A 56 


782 


MOV 


D,M 


; GET ADR BYTE AND SAVE IT IN D 


0C5B 2C 


793 


INR 


L 




8C5C 7E 


794 


MOV 


A M 


■GET CNTL BYTE FROM BUFFER 


0C5D FE93 


795 


CPI 


SNRMP 


; HAS IT SNRM-P? 


0C5F CA6C0C 


796 


JZ 


Tl 


;YES: GO SET RESPONSE 


0C62 FE11 


797 


CPI 


RR0P 


;WS IT RR(0)-P? 


9C64 C2898C 


798 


JNZ 


RXIS 


; YES, GO SET RESPONSE.. OTHERWISE RETURN 


0C67 1E11 


799 


MVI 


E, RR8F 


; RR(0)-P SO K T RESPONSE TO RR(0)-F 


0C69 C36E0C 


800 


JHP 


TXRET 


;G0 FINISH LOWING SPECIAL BUFFER 


0C6C 1E73 


801 Tl; 


1 


Ei NSAF 


.; SNRM-P SO SET RESPONSE TO NSA-F 


0C6E 2.12829 


862 TXRET: 


LXI 


R.CN0BF1 


; SPECIAL BUFFER ADR 


8C71 36C8 


806 


MVI 


M,0C8H 


i LOAD TX FRAME COMMAND 


0C73 23 


808 


INX 


H 


i INC POINTER 


0C74 3606 


889 


MVI 


M,00H 


;L0=0 


0C76 23 


818 


INX 


H 


i INC POINTER 


0C77 3600 


811 


MVI 


M, 00H 


;L1=8 


0C79 23 


812 


INX 


H 


; INC WINTER 


0C7A 72 


813 


MOV 


M,D 


; LOAD RCVD ADR BYTE 


0C7B 23 


814 


INX 


H 


; INC POINTER 


8C7C 73 


815 


NOV 


M..E 


..LOAD RESPONSE CNTL BYTE 


0C7D 3E01 


816 


MVI 


A..01H 


;SET POLL INDICATOR NOT 


0C7F 321620 


817 


STA 


POL IN 


; LOAD POLL INDICATOR 


0C82 C3890C 


818 


JHP 


RXIS 


; RETURN 




819 








0C85 El 


820 RXI6: 


POP 


H 


> CLEM UP STACK IF NORMAL MODE 


9C86 C3890C 


821 


JHP 


RXI5 


; RETURN 




822 








8C89 CD1A9B 


823 RXIS: 


CALL 


RXDMH 


■RESET DMA CHANNEL 


8C8C Dl 


824 


PiP 


D 


; RESTORE REGISTERS 


8C8D CI 


825 


POP 


e 




0C8E Fl 


826 


POP 


PSH 




8C6F El 


827 


POP 


H 




0C90 FB 


828 


El 




ENRBLE INTERRUPTS 


8C91 C9 


829 


RET 




:■ RETURN 




000 
071 • 










832 .; MESSAGE TYPER 


- ASSUMES MESSAGE STARTS AT HL 




833 ; 
834 








8C92 C5 


335 TVMSG: 


PUSH 


e 


SAVE EC 


0C93 7E 


836 TYHSG2: 


MOV 


A.. PI 


,;GET ASCII CHR 


8C94 23 


837 


INX 


H 


INC POINTER 


BC95 FEFF 


838 


CPI 


0FFH 


STOP^ 


0C97 CflflieC 


839 


JZ 


TVMSG1 


;YES, GET SET FOR EXIT 


0C9A 4F 


848 


MOV 


C,A 


.; SET UP FOR DISPLAY 


0C9B CDF805 


841 


CALL 


ECHO 


; DISPLAY CHR 


0C9E C3930C 


842 




TVHSG2 


;GET NEXT CHR 


8Cfli CI 


843 TYMSG1: 


POP 


B 


RESTORE BC 


0CA2 C9 


844 


RET 




; RETURN 



845 i 

846 f 

847 ;SIGNON MESSAGE 

848 ; 



42 



8CA3 80 849 SIGNON: DB CR/8273 MONITOR VI. 1- ', CR, 8FFH 

0CA4 38323733 

9Cfl8 284D4F4E 

8CflC 49544F52 

8CB8 28285631 

8CB4 2E31 

8CB6 80 

8CB7 FF 

856 ; 

851 ; 

852 ; 

853 ; RECEIVER INTERRUPT MESSAGES 

854 ; 

855 ; 

KB8 00 856 RXIMSG: DB CR, ' RX INT - ',0FFH 

8CB9 52582849 
8CB0 4E54202O 
0CC1 20 
8CC2 FF 

857 ; 

858 ..TRANSMITTER INTERRUPT MESSAGES 

859 ; 

8CC3 80 868 TXIHSQ: OB CR, 'TX INT - ',8FFH 

8CC4 54582849 
0CC8 4E54282D 
8CCC 20 
8CC0 FF 

861 ■ 

862 .■ 

863 i TRANSMITTER INTERRUPT RWTINE 

864 ; 



9CCE E5 


865 TXI: 


PUSH 


H 


;SAVE HL 


8CCF F5 


866 


PUSH 


PSM 


;SAVE P3W 


8C08 C5 


867 


PUSH 


6 


i SAVE BC 


8C01 D5 


868 


PUSH 


D 


; SAVE DE 


8CD2 3E61 


869 


HVI 


A,DTCW\ 


; DISABLE TX DMA 


8C04 D3A8 


878 


OUT 


M00E57 


/ 8257 MOLE PORT 


8C06 1684 


871 


MVI 


O,04H 


iSET COUNTER 


8C08 2A1828 


872 


LHLD 


LOAOR 


.;GET LOAD POINTER 


8C0B E5 


873 


PUSH 


H 


;SAVE IT 


8C0C 45 


874 


MOV 


B.-L 


;SAVE LSB IN 6 


8CD0 2A1328 


875 


LHLD 


CNADR 


;GET CONSOLE POINTER 


8CE8 04 


376 TXI1: 


INR 


B 


, INC POINTER 


8CE1 78 


877 


MOV 


A..B 


, GET SET 10 TEST 


8CE2 BD 


878 


CMP 


L 


;LOAD=CONSOLE? 


8CE3 CAE48A 


879 


JZ 


BUFFUL 


; VES, BUFFER FULL 


8CE6 15 


888 


OCR 


D 


;N0, TEST NEXT LOCATION 


0CE7 C2E08C 


881 


JNZ 


TXIi 


; TRV AGAIN 


8CER E I 


882 


PUP 


H 


i RESTORE LOAD POINTER 


8CEB DB92 


883 


IN 


TXIR73 


: READ RESULT 


8CED 77 


384 


MOV 


M,A 


■ STORE IN BUFFER 


9CEE 2C 


885 


INR 


L 


; INR POINTER 


8CEF 3680 


8% 


MVI 


M,08H 


, EXTRA RESULT SPOTS 8 


8CF1 2C 


887 


INR 


L 




8CF2 3690 


888 


MVI 


M,88H 




9CF4 2C 


889 


INR 


L 




8CF5 3688 


898 


MVI 


M,80H 




8CF7 2C 


831 


INR 


L 
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8CF8 3680 


892 


MVI 


ft 60H 




0CFR 2C 


893 


INR 


L 




0CFB 221020 


894 


9-LD 


LDADR 


UPDATE LOAD POINTER 


8CFE CD35BB 


899 


CALL 


TXDMft 


Ht±=bi dhr (mm. 


9D01 Dl 


980 


FCP 


D 


FE5ICFE CE 


0002 CI 




FTP 


B 


FE5TCFE BC 


0083 Fl 


902 


FCP 


PSW 


RESTORE PSW 


0084 El 


983 


POP 


H 


RESTORE H. 


8D85 FB 


904 


El 




ENABLE INTERRUPTS 


8006 C9 


905 


RET 


; RETURN 




966 ; 










907 ; 










952 ; 
953 










954 


END 







PUBLIC SYMBOLS 



EXTERNAL SYMBOLS 



USER SYMBOLS 
ADWN A 0922 
CHD51 A 8927 
CNT053 A 089C 
COM R 0A£5 
DEM A 8008 
ECH? A 05F8 
ILLEG A 08A7 
HDCNT2 A 80E6 
PARI A 8B08 
POLIN A 2816 
RDV fi 0002 
RSCMD A 8967 
RXU A 8C16 
RXINT A 0088 
RXTC A 41FF 
SPCMD A 89E2 
STKSRT A 28C0 
TEST73 A 8092 
TXBLF A 8000 
TAINT A 8084 
TYHSG A 0C92 



AFCMD A 89CE 
CHDBF1 A 2020 
CNT153 B 0090 
C0MM1 A 0BEfi 
DEMODE A 2827 
ENDQ-K A 0A1B 
LDflCR A 2910 
MDE51 A 08CE 
PAR2 A 0B0D 
PRMPT A 2615 
RESBUF A 2808 
RST65 A 2BCE 
RXI2 A 8C23 
RXIR73 A 9893 
V\CND fl 9985 
SRCMD A 89BA 
SI4 A 8943 
TFCMD A 99EC 
TXD51 A 8088 
TXIR73 A 0092 
TYMSG1 A 8CA1 



BUFFUL A 0AE4 
CHDBUF A 2008 
CNT253 A 809E 
C0HM2 fi 0AFF 
DISPY A 8A39 
ENDMR A 0863 
LF A 090R 
M0DE53 A 089B 
PARIN A 0AAD 
R8PT A 0AA2 
RESL73 A 8891 
RST75 A 28D4 
RXI3 A 8C39 
RXIRH A 0002 
SOWN fi 88D7 
SSCMD A 89B0 
Tl fi 8C6C 
TFCMD1 fi 89F6 
TXDMft A 8B35 
TXIRft A 6881 
TYHSG2 A 8C93 



CH8R0R A 88A8 
CMDOUT A 0flFB 
CNTL51 A 0889 
C0MM73 A 8098 
DISPY1 A 0fl4E 
GDUN A 88FF 
LKBR1 A 2617 
M00E57 A 00A8 
PAR INI A 8AE8 
R1PT A 0AA7 
ROCHD A 8950 
RXBUF A 8280 
RXI4 A 0C45 
RXS1 A 0A69 
SIMON fl 8CA3 
START A 0880 
TBUFFL A 0A24 
TFRET A 8A36 
TXDMA1 A 0B42 
TXPOL A 094C 
VALDG A 075E 



OBIC A 88A1 
CMOREC A 0857 
CNTLC A 8883 
CFEf A 0028 
DISPV2 A 0A4O 
GETCH A 061F 
LKBR2 A 2018 
MONTOR A 0808 
PARIN2 A 8ADC 
RBCMO A 097B 
FFCND A 8908 
RXD51 A 0888 
RXI5 A 0C89 
RXS2 A 0A7F 
SLCMD A 098F 
STAT51 A 0889 
TBUFL A 0fl87 
TLCMD A 8999 
TXI A 0CCE 
TXRET A 0C6E 



CHlflDR A 08A2 
CMOOE A 8931 
CNDBN A 05BB 
CR A 0080 
WWW A 8862 
GETCID A 8870 
LOOP IT A 8861 
NMOUT A 06C7 
PARIN3 A 0RBC 
ROCMO A 8971 
RR8F A 681 1 
RXOMA A 0Blfi 
RXI6 A 8C85 
RXSi fl 0A8D 
SNRMP A 8093 
STAT57 A 08A8 
TBUFL1 R 0A0O 
TRJE A 0088 
TXI1 A 8CE8 
TXSORC A 8A47 



CH1TC A MA3 
CNAOR A 2613 
COBR A 080C 
CRLF A 05EB 
DTDMfi A 0061 
GRCMD A 09C4 
M0CNT8 A 0036 
NS^F A 0073 
PARM73 A 0891 
RDM R 08AF 
RR0P A 0011 
RXI A 0C08 
RXIHSG A KB8 
FKSUFC A 0A62 
SOCMO A 09A6 
STAT73 A 0098 
TDHH A 090E 
TRUE1 A 0086 
TXI MSG fi 0CC3 
TXIC A 81FF 
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intgl 



3065 Bowers Avenue 

Santa Clara, California 95051 

Tel: (408) 9B7-BC8Q" 

TWX: 910-338-0026 
TELEX: 34-6372 



MICROCOMPUTER AND MEMORY COMPONENT 
SALES AND MARKETING OFFICES 



U.S. AND CANADIAN SALES OFFICES 



ALABAMA 

Glen WhiteAssQCiales 
7844 Horseshoe Trail 
Hunlsville 35802 
Tel; (205) 883-9394 

ARIZONA 

Inlel Corp. 

8650 N 35th Avenue 

Phoenix 65021 

Tei 16071 242-7205 

CALIFORNIA 
Intel Corp. 
15335 Morrison 
Suite 345 

Sherman Oaks 91403 
(213) 986-9510 
TWX: 910-495-2045 
Intel Corp: 

990 E. Arques Ave. 
Suite 112 

Sunnyvale 94086 
Tei: 14081 736-3870 
TWX: 910-339-9279 
TWX: 91 0-338-0255 
Mac-I 

2576Shattuck 
Suite4B 
Berkeley 94704 
Tel (415) 843-7625 

Mac-I 

P.O. Box 1420 
Cupertino 95014 



Tel: 



11 257-9 



Earle Associ 
4805 Mercury Street 
SarfcDIego 921 1 1 



inc 



Mac-I 

P O Box 8763 
Founlain Valley 92708 
Tel: 17141 839-3341 
Intel Corp," 
1651 East 4th Street 
Suite 150 
Santa Ana 92701 
Tel (714)635-9642 
TWX. 910-595-1114 

COLORADO 
Intel Corp 

6000 East Evans Ave 
Bldg. 1, Suile 260 
Denver 80222 
Tel (303) 758-8086 
TWX: 910-931-2289 



CONNECTICUT 
Inlel Corp. 
Peacock Alley 

Padanaram Road, Suite 146 
Danbury 06810 
Tel: 12031 792-8366 
TWX: 710-456-1199 
FLORIDA 

Intel Corp. 

1001 n w. 62nd street. Suite 40i 
Ft. Lauderdale 33309 
Tel (305) 771-0600 
TWX 510-956-9407 
Intel Corp 

5151 Adanson Street. Suile 105 
Orlando 32804 
Tel: 13051 628-2393 
TWX: 810-853-9219 

ILLINOIS 

Intel Corp' 

1000 Jorie Boulevard 

Suits 224 

Oakbrook 60521 

Tel: (312) 325-9510 

TWX: 910-651-5881 

INDIANA 

Electro Reps Inc 

941 E 86th SlreeL 

Indianapolis 46240 

Tel (31 7] 255-4147 

TWX 810-341-3217 

Electro Reps Inc. 

810 Valley-O-Pmes Pkwy. 

Ft Wayne 46825 

Tel (219) 637-6211 

IOWA 

Technical Representatives, Inc. 

St. Andrews Building 

1930 St. Andrews Drive N.E, 

Cedar Rapids 52402 

Tel: (319) 393-5510 

KANSAS 

Technical Representatives, inc. 
8245 Nieman Road, Suite i100 
Lenexa 66214 
Tei: (913} 888-0212 3 & 4 
TWX: 910-749-6412 

MARYLAND 

Glen. While Associates 

57 West Timonium Road 

Timonium 21093 

Tei: (301) 262-6360 



Suite 307 
Timonium 21093 
Te| 1301) 252-7742 
TWX 710-232-1807 



MASSACHUSETTS 
Intel Corp.' 

187 Billerica Road. Suite 14A 
Chelmsford 01824 
Tel (617) 256-6567 
TWX 710-343-6333 

MICHIGAN 
Intel Corp. 

26500 North we Stern Hwy 
Suite 401 
South field 48075 
Tel: (313) 353-0920 
TWX: 910-420-1212 
TELEX: 231 143 

MINNESOTA 

Intel Corp 

8200 Nprmandale Avenue 
Suile 422 

Bloomington 55437 
Tel (612) 835-6722 
TWX 910-576-2867 

MISSOURI 

Technical Representatives. Inc. 

Trade center Bldg 

320 Brookes Drive, Suite 104 

HazelWQorJ 63042 

Tel: (314) 731-5200 

TWX 910-762-0618 

NEW JERSEY 
Inlel Corp. 
2 Kilmer Road 
Edison 0881 7 
Tel i201) 985-9100 
TWX 710-480-8238 

NEW YORK 
Intel Corp: 

350 Vanrjerbilt Motor Pkwy_ 

Suite 402 

Hauppauge 11787 

Tel: (516) 231-3300 

TWX: 510-227-6236 

Intel Corp. 

474 Thurston Road 

Rochester, N Y. 14819 

Tel (716)326-7340 

TWX. 510-253-3841 

T-Squared 

4054 Newcourt Ave. 

Syracuse 13206 

Tel (315) 463-8592 

TWX: 710 541-0554 

T-Squarea" 

642 Kreag Road 1 

P.O. Box w 

Pitlsford 14534 

Tel: (716) 248-5005 

TELEX 97-8289 



NEW YORK (cont.) 

Intel Corp. 

85 Market Streel 

Poughkeepsie. New York 12601 

Tel: (914) 473-2303 

TWX: 510-248-0060 

NORTH CAROLINA 
Glen White Associates 
3700 Computer Dr.. Suite 330 
Raleigh 27609 
Tef (919) 787-7016 

OHIO 

Intel Core." 
8312NorlhMain Street 
Dayton 45415 
Tel: (51 3) 890-5350 
TWX 610-450-2528 
Intel Corp ' 

Chagrin-Brainard Bldg. 
28001 Chagrin Blvd. 
Cleveland 44122 
Tel: (216) 464-2736 

OREGON 

ES Chase Company 
7100 S W Hampton Slreel 



PENNSYLVANIA 

Intel Corp * 
520 Pennsylvania Ave 
Fort Washington 19034 
Tel (215) 542-9444 
TWX 510 661-2077 

TENNESSEE 
Glen White Associates 
Rt ;12, Norwood S/D 
Jonesboro 37659 
Tel: 16151477-8650 
Glen White Associates 
2523 Howard Road 
Germanlown 38136 
Tel: (901) 754-0483 
Glen White Associates 
6446 RidqeLake Road 
Hixon 37343 
Tel (615) 842-7799 



TEXAS 

Intel Corp 

6776 S.W. Freeway 

Suite 550 

Houston 77074 

Tel: 17131 784-3400 

Mycrosystems Marketing. Inc. 

13777 N. central Expressway 

Suite 405 

Dallas 75243 

Tel (214) 238-7157 

TWX 910-867-4763 

Mycrosystems Marketing Inc 

6610 Harwir* Avenue. Suile 125 

Houston 77036 

Tel: (713) 783-2900 

Intel Corp: 

2925 L.B.J. Freeway 
Suite 100 
Dallas 75234 
Tel: 1214) 241-9521 
TWX: 910-860-5487 

VIRGINIA 

Glen White Associates 
ejrj)icBijMr(J1S4505 

Tel 18041 384-6920 
Glen While Associates 
CololijflcReaEB 22443 

Tel 18041 224-4871 

WASHINGTON 
E.S./Chase Co. 
P.O. Box 80903 

Seattle 98ios 

Tel: (206) 762-4824 
TWX: 910-444-2298 



CANADA 
Intel Corp. 

70 Chamberlain Ave 
Ottawa, Ontario K1S 1V9 
Tel: (613) 232-8576 
TELEX: 053-4419 
Multitek, Inc.' 
15 Grentell Crescent 
Ottawa. Ontario K2G OG3 
Tel (6131 226-2365 
TELEX 053-4585 



EUROPEAN MARKETING OFFICES 



BELGIUM 

Intel International* 

Rue du Moulin a Papiei 

51-B0ite 1 

B-116Q Brussels 

Tel (02) 660 30 10 

TELEX 24814 



FRANCE 

Intel Corporation, S A.R.L' 
74. Rue D'Arcjeil 

SiJiC 223 

94528 Rungis Cedex 
Ter (011 687 22 21 
TELEX 270475 



ORIENT MARKETING OFFICES 



JAPAN 

Intel Japan Corporation ' 

Flower Hill-ShinmacM East Bldg. 

1-23-9, Shinmachi, 5etagaya-ku 

Tokyo 1 54 

Tel (03)426-9261 

TELEX 781-28426 



TAIWAN 

Taiwan Automation Co.* 
2nd Floor, 224 
Nanking East Road 
Section 3 

Taipei 

Tel: (02) 7710940-3 
TELEX: 1 1942 TAIAUTO 



INTERNATIONAL DISTRIBUTORS 

ARGENTINA 
sr E.S.A. 

Av Pte. Rogue SaentPena 1 142 9B 
1035 BuenosAires 
Tel 35-6784 
AUSTRALIA 

A.J.F. Systems & Components 
PTY. LTD 
44 Prospect Hu 
Prospect 5082 
South Australia 1 700& 
Tel: 269-1244 
TELEX 82635 

A-J F Systems & Components 
PTY LTD. 
29 Devlin SI. 
Hyde, NSW. 2112 
Tel: 102) 607-6878 
TELEX: 24906 

A.J.F. Systems a components 
PTY. LTD. 
310 Queen St 
Melbourne. Victoria 3000 
Te| (03) 679-702 
TELEX 30270 

Warburton-Franki (Sydney) Ply Ltd 
199 Parramalla Road 
Auburn NSW. 2114 
Tel 646-1711.648-1381 
TELEX. WARFRAN AA 22285 
Warburton-Franki Industries 
(Melbourne) Pty. Lid 
220 Park Street 

South Melbourne. Victoria 3205 
Tel 699-4999 

TELEX WARFRAN AA 31370 
AUSTRIA 

Bacher Eleklronische Gerale GmbH 
Meidlinger Hauptstrasse 78 
A 1 120 Vienna 
Tel: (0222) 83 83 96 
TELEX: (01) 1532 



BELGIUM 

Inelco Belgium S.A, 
Avenue Val Duchesse, 3 
B-1160 Brussels 
Tel (02) 660 00 12 
TELEX: 25441 

DENMARK 

Lyngso Komponent A 5 
Ostmarken 4 
2860 Soborg 
Tel; (01) 67 00 77 
TELEX: 22990 

Scandinavian Semiconductor 

»5!£l& 18 
DK-22QQ Copenhagen N 
Tel 1011 83 50 90 
TELEX 19037 
FINLAND 
OY FintronicAB 
Loennrotinkatu 35D 
SF 00180 
Helsinki 16 
Tel: 1901 684 451 
TELEX; 12426 

FRANCE 
CelrJis 

53, Rue Charles Frerot 
94250 Gentilly 
Tel: 59T 00 20—581 04 69 
TELEX 200 485 F 
Metrologie 
La Tour d'Asnieres 
4, avenue Laurent Cely 
92606 Asnieres 
Tel: 791 44 44 
TELEX: 611 448 F 

'Tekelec Airlronie 
Cite des Bruyeres 
Rue Carle Vernel 
92310 Sevres 

Tel: (1)027 7535 
TELEX: 750997 



" " Note New Telephone Number 



SCANDINAVIA 

Intel Scandinavia A/S* 

Lyngbyvej 32 2nd Floor 

DK-21Q0 Copenhagen Easl 

Denmark 

Tel (01) 18 20 00 
TELEX: 19567 
Intel Sweden AB* 
Box 20092 
5-16120 Bromma 
Sweden 

Tet (08)98 53 90 
TELEX 12261 



HONG KONG 

China Eleclronics 

Sea Bird House. 9th Floor 

22-28 Wyndham Street 

Hong: Kong 

SINGAPORE 

General Engineers Associates 
37, Hill SlreeL 
Singapore 6 



GERMANY 

Alfred Neye Enalachnik GmbH 

Schillerstrasse H 

D-2085. Quickborn-Hamburg 

Tel: 10410616121 

TELEX: 02-13590 

Electronic 2000 Vertriebs GmbH 

Neumarkter Slrasse 75 

D-8Q0Q Muenchen 80 

Tel 10891 434061 

TELEX 522561 

Jermyn GmbH 

Posttach 1146 

D-6277 Kamberg 

Tel: (06434) 8005 

TELEX: 484426 

INDIA 

Electronics International 

126 Mahalma Gandhi Road 

Secunderabad 

Tel 73120 

TELEX 015-363 

CABLE GUNTICQ 

ISRAEL 

Easlronics Ltd,* 
11 Rozanis Street 
P.O. Box 39300 
Tel-Aviv 
Tel: 475151 
TELEX 33836 

ITALY 

Eledra3SSPA ' 
Viale Elvezia, 18 
20154 Milan, 
Tel: 1021 3493041 
TELEX: 39332 
Eledra 3S S.P.A.' 
Via Paolo Gaidano, 141 D 
10137 Torino 

TEL (01113097097-3097114 

Eledra 35 spa • 

Via Giuseppe Valmarana, 63 

00139 Rome. Italy 

Tel: (06) 81 27 290-81 27 324 

TELEX: 83051 



.ENGLAND 

nlel Corporation (U.K.) Ltd ' 

Broadlield House 

4 Between Towns Road 

Cowley. Oxford OX4 3NB 

Tel: (0865) 77 14 31 

TELEX: 837203 

Intel Corporation (U K 1 Ltd. 

46-50 Beam Street 

Nanlwich. Cheshire CW5 5LJ 

Tel: 10270) 62 65 60 

TELEX' 36620 



KOREA 

Koram Digital 

Sam Yung Bldg. #303 

71-2 Bukchang ■ Dong Chung-Ku 

Seoul 100 

Leewood international inc 

C.P.O Box 682 

Seour 



JAPAN 

Pan Electron 

No 1 Higashikata-Machi 

Midon-Ku, Yokohama 226 

Tel: (045) 471-8811 

TELEX: 761-4773 

Ryoyo Electric Corp 
Konwa Bldg 

1-12-22, Tsukiji, 1-Chome 

Chuo-Ku, Tokyo 104 

Tel (03)543-771! 

Nippon Micro Computer Co Lid 

Mutsumi Bldg 4-5-21 Kojimachi 

Chiyoda-ku. Tokyo 102 

Tel (03) 230-0041 

NETHERLANDS 

inelco Nederlandi 
AFD Elektronic 
Joan Muyskenweg 22 
NL-1006 Amsterdam 
Tel: (020) 934824 
TELEX 14622 

NEW ZEALAND 

W. K. McLean Ltd. 

103-5 Felton Matthew Avenue 

Glenn Innes, Auckland 

Tel: 567-037 

TELEX: NZ2763 

NORWAY 

Nordisk Eleklronik (Norge) A/S 
Mustads Vei 1 
N-OsIp 2 

Tel (02) 55 38 93 
TELEX 16963 

PORTUGAL 

Ditram 

Componentes E Electronics LDA 
Av Miguel Bombarda, 133 
Lisboa 1 
Tel 119 45 313 



GERMANY 

Inter Semiconductor GmbH 1 
Seidlstrasse 27 

8000 Muenchen 2 

Tel (089)55 81 41 

TELEX 523 177 

Intel Semiconductor GmbH 

Abraham Lincoln SUasse 30 

6200 Wiesbaden i 

Tei: 108121) 74855 
TELEX: 04166183 
Intel Semiconductor GmbH 
Ernsthaldenstrasse 17 
D-7Q0O Stuttgart 80 
Tel: (0711) 7351506 
TELEX 7255348 
Intel Vertriebsburo 
Hmdenburger Strasse 28/29 
3000 Hannover 

Tef 10511) 852051 
TELEX: 0923625 



SOUTH AFRICA 

Electronic Building Elements 

P O Box 4609 

Pretoria 

Tel 78 92 21 

TELEX 30181 

SPAIN 

Interface 
Ronda San Pedro 22 
Barcelona 10 
Tel 301 78 51 
TELEX: 51508 IFCE E 

SWEDEN 

Nordisk Electronic AE 
Fack 

5-10380 Stockholm 7 
Tef (08) 248340 
TELEX: 10547 

SWITZERLAND 
InrJustrade AG 
Gemsenstrasse 2 
Postcheck 80-21190 
CH-8021 Zurich. 
Tel (01) 60 22 30 
TELEX 58788 

UNITED KINGDOM 

Rapid Recall. Lid 

11-15 Belterton Street 

Drury Lane 

London WC2H 9BS 

Tel (011 379-6741 

TELEX. 28752 

G EC. Semiconductors Ltd. 

Wembley HA9 7PP 
Middlesex 

Tel: (01) 904-9303 
TELEX 923429 
Jermyn Industries 
Vestry Estate 
Sevenoaks, Kent. 
Tei (0732) 50144 
TELEX 95142 

"Field Application Location 



intel 



3065 Bowers Avenue 
Santa Clara, California 95051 
Tel: (408) 987-8080" 
TWX: 910-338-0026 
TELEX: 34-6372 



U.S. AND CANADIAN DISTRIBUTORS 



U.S. AND CANADIAN DISTRIBUTORS 



ALABAMA 

t'Hamilton/Avnet Electronics 
805 Oser Drive NW 
Huntsville 35805 
Tel: (205) 533-1170 

Pioneer 

1207 Putman Drive NW 
Huntsville 35805 
Tel (205) 837-9300 

ARIZONA 

t'Hamilton/Avnet Electronics 
8155 North 21st Street 
Phoenix 85021 
Tel: J 6021 275-7851 
Liberty/Arizona 
3130 N. 27th Avenue 
Phoenix 85017 
Tef (602) 257-1272 
TELEX 910-951-4282 

CALIFORNIA 

t*Avnet Electronics 
350 McCormick Avenue 
Costa Mesa 92626 
Tel: (714) 754-6111 
Tel: (213) 558-2345 
t'Hamilton/Avnet Electronics 
575 E. Middlefield Road 
Mountain View 94040 
Tel (415) 961-8600 
t'Hamilton/Avnet Electronics 
8917Complex Drive 
San Diego 92123 
Tel: (714) 279-2421 
t'Hamillon Electro Sales 
10912 W. Washington Boulevard 
Culver City 90230 

Tel: (213) 558-2121 
tCramer/San Francisco 
720 Palomar Avenue- 
Sunnyvale 94088 
Tel: (408) 739-3011 
Cramer/Los Angeles 
17201 Daimler Street 
Irvine 92714 
Tel: (714) 979-3000 
■f Liberiy Electronics 
124 Maryland Street 
El Segundo 90245 
Tel: (213) 322-8100 
Tel: (714) 638-7601 
TWX; 910-348-7140 
fLiberty/San Diego 
8284 Mercury Court 
San Diego 92111 
Tel: (714) 565-9171 
TELEX. 910-335-1590 
tElmar Electronics 
2288 Charleston Road 
Mountain View 94040 
Tel. (415) 961-3811 
TELEX: 910-379-8437 

COLORADO 
tElmar/Denver 

8777 E. 50th Avenue 
Commerce City 80022 
Tel (303) 287-9811 
TWX: 910-936-0770 
t'Hamilton/Avnet Electronics 
5921 No. Broadway 
Denver 80216 
Tel: (303) 545-1212 

CONNECTICUT 

tCramer/ Connecticut 

35 Dodge Avenue 

North Haven 06473 

Tel: (203) 239-5641 

1 "Hamilton/Avnet Electronics 

643 Danbury Road 

Georgetown 08829 

Tel: (203) 782-0361 

Harvey Electronics 

112 Main Street 

Norwalk; 06851 

Tel: (203) 853-1515 

FLORIDA 

Cramer/E.W. Hollywood 
4035 No. 29th Avenue 
Hollywood 33020 
Tel: 1305J 921-7878 
t'Hamilton/Avnet Electronics 
8800 Northwest 20th Ave. 
Ft Lauderdale 33309 
Tel: (305) 971-2900 
Cramer/EW Orlando 
345 No Graham Ave 
Orlando 32814 
Tel (305) 894-1511 
Pioneer 

8220 S. Orange Blossom Trail 
Suite 412 
Orlando 32809 
Tel: (305) 859-3600 

GEORGIA 
tCramer 

6458 Warren Drive 
Nofcross 30071 
Tel: (404) 448-9050 

**Nole New Telephone Number 



GEORGIA (cont.) 
t'Hamilton/Avnel Electronics 
6700 I 85, Access Raad, #11 
Norcross 30071 
Tel (404)448-0800 

ILLINOIS 
fCramer/Chicago 
1911 So. BusseRd. 
Mt. Prospect 60056 
Tel: 13121593-8230 

t*Hamilton/Avnet Electronics 

3901 No, 25th Ave. 
SchillerPark 60176 
Tel (312) 678-6310 
Pioneer/Chicago 
1551 Carmen Drive 
Elk Grave Village 60006 
Tel: (312)437-9680 

INDIANA 
tPioneer/lndiana 
6408 Castleplace Drive 
Indianapolis 46250 
Tel:(317)849-7300 
Sheridan Sales 
8790 Purdue Road 
Indianapolis 46268 
Tel: (317) 297-3146 

KANSAS 

t'Hamilton/Avnet Electronics 
9219 Quivira Road 
Overland Park 66215 
Tel: (913) 888-8900 

MARYLAND 

tCramer/EW Washington 
16021 Industrial Drive 
Gailhersburg 20760 

Tel: (301)948-0110 
t'Hamilton Avnet 
7235 Standard Drive 
Hanover 21076 
Tel: 1301) 796-5000 
t Pioneer/Washington 
9100 Gaither Road 
Gailhersburg 20760 
Tel: (301) 948-0710 
TWX: 710-828-0545 

MASSACHUSETTS 

ICramer Electronics Inc 

85 Welts Avenue 

Newton 02159 

Tel (617)989-7700 

t ' Hamillon/Avnel Electronics 

100 E Commerce Way 

Wobum 01801 

Tel (617) 933-8000 

MICHIGAN 

tSheridan Sales Co. 

24543 Indoplex Circle 

Farmington Hills 48024 

Tel: (31 3) 477-3800 

tPioneer/Michlgan 

13485 Stamford 

Livonia 48150 

Tel (313) 525-1800 

t "Hamilton/Avnet Electronics 

32487 Schoolcraft Road 

Livonia 48150 

Tel: (313) 522-4700 

TWX: 810-242-8775 

MINNESOTA 

+ Industrial Components 

5280 West 74th Street 

Minneapolis 55435 

Tel: (612) 831-2666 

tCramer/Bonn 

7275 Bush Lake Road 

Edina 55435 

Tel (612) 835-7811 

t'Hamilton/Avnet Electronics 

7683 Washington Avenue So. 

Edina 55435 

Tei (612)941-3801 

MISSOURI 

t'Hamilton/Avnet Electronics 
396 Brookes Lane 

Hazelwood 83042 

Tel: (314)731-1144 

Sheridan Sales 

110 S Hwy. 67 r Suite 10 

Florissant 63031 

Tet (314)837-5200 

NEW JERSEY 
Cramer/Pennsylvania, Inc 
12 Springdale Road 
Cherry Hill Induslriaf Center 
Cherry Hill 08034 
Tel: (609)424-5993 
TWX: 710-896-0908 
t'Hamilton/Avnet Electronics 
218 Little Falls Road 
Cedar Grove 07009 
Tel. (201) 239-0800 
TWX 710-994-5787 
Cramer/New Jersey 
1 Cgrdinar Drive 
Little Falls 07424 
Tel: (201) 785-4300 



NEW JERSEY (cont.) 
tHarvey Electronics 
389 Passaic Avenue 
Fairfield 07006 

Tel: (201) 227-1262 

t'Hamilton/Avnet Electronics 

113 Gaither Drive 

East Gate Industrial Park 

Mt. Laurel 08057 

Tel: (609) 234-2133 

TWX 710-897-1405 

NEW MEXICO 

t 'Hamilton/Avnet Electronics 
2524 Baylor Drive, S.E. 
Albuquerque 87119 
Tel: (505) 765-1500 

NEW VORK 

[Cramer/Rochester 

3000 Winion Raad South 

Rochester 14623 

Tel: 17161 275-0300 

t'Hamilton/Avnet Electronics 

167 Clay Raad 

Rochester 14623 

Tel: (716) 442-7820 

Cramer/Syracuse 

6716 Joy Road 

East Syracuse 13057 

Tel (315) 437-6671 

f "Hamilton/Avnet Electronics 

6500 Joy Raad 

E Syracuse 13057 

Tel: (315) 437-2641 

tCramer/Long Island 

129 Oser Avenue 

Hauppauge, L.) 11787 

Tel: (516) 231-5600 

TWX: 510-227-9863 

t'Hamilton/Avnet Electronics 

70 State Street 

Westbury. LI 11590 

Tei (516)333-5800 

TWX 510-222-8237 

tHarvey Electronics 

60 Crossways Park West 

Woodbury 11797 

Tel: (516) 921-8700 

NORTH CAROLINA 

tCramer Electronics 

938 Burke Street 

Winston-Salem 27102 

Tei (919)725-8711 

Pioneer/Carolina 

2908 Baltic Avenue 

Greensboro 27406 

Tel: (919) 273-4441 

TWX:510-925-1114 

Hamilton/Avnet Electronics. Inc 

2803 industrial Drive 

Raleigh 27609 

Tel: (919) 829-8030 

OHIO 

tSheridan Sales Co 

2501 Neff Road 

Dayton 45414 

tCramer/Cleveland 

5835 Harper Road 

Cleveland 44139 

Tel (216) 248-8400 

t'Hamilton/Avnet Electronics 

1 18 Westpark Road 

Dayton 45459 

Tel: (513) 433-0610 

TWX: 810-450-2531 

fPioneer/Dayton 

1900 Troy Street 

Dayton 45404 

Tel: (513) 238-9900 

f Sheridan Sales Co. 

1 Knollcrest Drive 

Cincinnati 45222 

Tet (513)781-5432 

TWX 810-461-2670 

f Pioneer/Cleveland 

4800 E. 131st Street 

Cleveland 44105 

Tel: (216) 587-3800 

f 'Hamilton/Avnet Electronics 

781 Beta Drive, Suite E 

Cleveland 44143 

Tel: 12181 461-1400 

tSheridan Sales Co. 

23224 Commerce Park Road 

Beachwood 44122 

Tel. (216) 831-0130 

OKLAHOMA 

tComponents Specialties, Inc. 

7920 E. 40th Street 

Tulsa 74145 

Tel: (918) 664-2820 

OREGON 

tAlmac/Stroum Eleclronics 
4475 S.W. Scholls Ferry Rd. 
Portland 97225 

Tel (503) 292-3534 

PENNSYLVANIA 

tSheridan Sales Co. 

1717 Penn Avenue, Suite 5009 

Pittsburgh 15221 

Tel: (412) 244-1640 

Pioneer/Pittsburqh 

560 Alpha Drive 

Pittsburgh 15238 

Tel: (412) 782-2300 



SYLVANIA (cont.) 
Pioneer/Delaware 
141 Gibraltar Road 
Horsham 19044 
Tei: (215) 674-4000 
TWX: 51 0-665-6778 

TENNESSEE 

Sheridan Sales Co. 
6900 Office Park Circle 
Knoxville 37919 
Tel: (615) 588-5386 

TEXAS 

Component Specialties Inc. 

8330 Burnett Raad. Suite 101 

Austin 78758 

Tel: (512) 459-3308 

tCramer Electronics 

13740 Midway Road 

Dallas 75240 

Tel: (214) 661-9300 

t'Hamilton/Avnet Electronics 

4445 Sigma Road 

Dallas 75240 

Tel (214)661-8661 

t'Hamilton/Avnet Electronics 

3939 Ann Arbor 

Houston 77063 

Tel (713) 780-1771 

.Component Specialties. Inc. 

10907 Shady Trail. Suite 101 

Dallas 75220 

Tel: (214) 357-651 f 

fComponent Specialties, Inc. 

8585 Commerce Park Drive. Suite 590 

Houston 77036 

Tel (713) 771-7237 

UTAH 

t'Hamilion/Avnet Electronics 
1585 West 2100 South 
Salt Lake City. 841 19 
Tel: (801) 972-2800 

WASHINGTON 

■| 'Hamilton/Avnet Electronics 
13407 Nortfirup Way 
Bellevue 98005 
Tel: (206) 746-8750 
iAImac/Stroum Electronics 
581 1 Sixth Ave. South 
Seattle 98108 
Tel (206)783-2300 
tLiberty Electronics 
1750 132nd Avenue NE 
Bellevue 98005 
Tel: (206) 783-8200 

WISCONSIN 
t'Hamilton/Avnet 
2975 Moorland Road 

New Berlin 53151 

Tel (414) 784-4510 



CANADA 

ALBERTA 
tL_ A. Varah Ltd. 
4742 14th Street N.E 
Calgary T2E 6LT 
Tel; (403) 276-8818 
Telex: 13825 89 77 
BRITISH COLUMBIA 
)LA. Varah Ltd. 
2077 Alberta Street 
Vancouver V5Y 1C4 
Tei (604)873-3211 
TWX; 610-929-1068 
Telex. 04 53167 

ONTARIO 

LA. Varah, Ltd. 

505 Kenora Avenue 

Hamilton L8E-3P2 

Tel; (416) 561-9311 

TELEX: 061-8349 

t'Hamilton/Avnet Electronics 

3688 Nashua Drive, Unit GH 

Mississauga L4V IM5 

Tei (416) 677-7432 

TWX 810-492-8887 

t'Hamilton/Avnet Electronics 

1735 Courtwood Cresc- 

Ottawa K2C 3J2 
Tel: (613) 226-1700 
TWX: 610 582-1906 

tZentronics 

141 Catherine Street 

Ottawa, Ontario K2P 1C3 

Tel: (613) 238-6411 

tZentronics 

99 Norfinch Dr. 

Downsview, Ontario M3N 1W8 

Tel: (418) 635-2822 

Telex: 02-021694 

QUEBEC 

t'Hamilton/Avnet Electronics 

2670 Pauius 

St. Laurent H4S1G2 

Tef (514) 331-6443 

TWX: 610-421-3731 
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